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Compounds of formula (I) wherein Z is (a) or (b); R x is (c), (d), (e) or (0; X is O, NH or S; A, B, D, E, and F are each 
independently C, N, O, or S; R 2 , R 3 , R^ R 5 and R$ are each independently hydrogen, C t to C 6 alkyl, aryl, C t to C 3 alkyl- 
aryl, halogen, cyano, nitro, -NR 7 R 8 , -(CH^OR* -SR* -S0 2 R* -S0 2 NR 7 R 8 , -NR 7 S0 2 R 8 , -NR 7 C0 2 R9, -NR 7 COR4>, 
-CONR 7 R 8 , or .CO2R9; one of R 2 and R3, R3 and R4, R4 and R5, or R5 and R$ may be taken together to form a five- to se- 
ven -membered alkyl ring, a six-membered aryl ring, a five- to seven- mem bered heteroalkyl ring having 1 heteroatom of N, 
O, or S, or a five- or six-membered heteroaryl ring having 1 or 2 heteroatoms of N, O, or S; R 7 and R 8 are each independ- 
ently hydrogen, C x to C 6 alkyl, -(CH^qRiq, C| to C 3 alkyl-aryl, aryl, or may be taken together to form a four- to six-mem- 
bered ring; R 9 is hydrogen, C l to C 6 alkyl, C, to C 3 alkyl-aryl, aryl, or -(CH^Ri,; R !0 and R n are each independently 
-OH, -OR l2 , -C0 2 R| 2 , -CONHR 12 , or cyano; R| 2 is hydrogen, Ci to C 6 alkyl, aryl, or C| to C 6 alkyl-aryl; R !3 is hydrogen, 
-OR l4 , or -NHCOR, 4 ; R, 4 is Ci to C 6 alkyl, or C| to C 3 alkyl-aryl; n is 0, 1, or 2; m is 1, 2, or 3; q is 2, 3, or 4; w is 2, 3, or 
4; the above aryl groups and the aryl moieties of the above alkyl-aryl groups are independently phenyl or substituted phe- 
nyl, wherein said substituted phenyl may be substituted with one to three of C t to C 4 alkyl, halogen, hydroxy, cyano, carbox- 
amido, nitro, and C\ to C 4 alkoxy; and a broken line represents an optional double bond, and the pharmaceutically accept- 
able salts thereof. These compounds are useful psychotherapeutics and are potent serotonin (5-HT|) agonists and may be 
used in the treatment of depression, anxiety, eating disorders, obesity, drug abuse, cluster headache, migraine, pain, chronic 
paroxysmal hemicrania and headache associated with vascular disorders, and other disorders arising from deficient serot- 
onergic neurotransmission. The compounds can also be used as centrally acting antihypertensives and vasodilators. 
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5 INDOLE DERIVATIVES 

Background of the Invention 
The present invention relates to indole derivatives, to processes and 
intermediates fortheir preparation, to pharmaceutical compositions containing them and 
to their medicinal use. The active compounds of the present invention are useful in 
10 treating migraine and other disorders. 

United States Patents 4,839,377 and 4,855,314 and European Patent Application 
Publication Number 313397 refer to 5-substituted 3-aminoaIkyl indoles. The 
compounds are said to be useful for the treatment of migraine. 

British Patent Application 040279 refers to 3-aminoalkyl-1 H-indole-5-thioamides 
15 and carboxamides. The compounds are said to be useful in treating hypertension, 
Raynaud's disease and migraine. 

European Patent Application Publication Number 303506 refers to 3-poly:hydro- 
pyridyl-5-substituted-1H-indoles. The compounds are said to have 5HT,-receptor 
agonist and vasoconstrictor activity and to be useful in treating migraine. 
20 European Patent Application Publication Number 354777 refers to N- 

piperidinyl:indolyl:ethyl-alkane sulfonamide derivatives. The compounds are said to 
have 5HT, -receptor agonist and vasoconstrictor activity and to be useful in treating 
cephalic pain. 

Summary of the Invention 
25 The present invention relates to compounds of the formula 



30 



wherein Z is 
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R, is equal to 




X is O, NH t or S; A, B, D. E, and F are each independently C, N, O, or S; R 2 , R 3l R 4 , 
Rs, and R 6 are each independently hydrogen, C, to C 6 alkyl, aryl, C, to C 3 alkyl-aryl, 
halogen (e.g. fluorine, chlorine, bromine or iodine), cyano, nrtro, -NR 7 Rg, 
5 -(CH 2 ) m OR3 t -SR,, -SO^.-SO^Re, -NR 7 S0 2 Re, -NR.COjR,, -NR.COR,, -CONR^, 
or -CO^; one of R 2 and R 3f R 3 and R 4t R 4 and R^, or R^ and may be taken together 
to form a five- to seven-membered alkyl ring, a six-membered aryl ring, a five- to seven- 
membered heteroalkyl ring having 1 heteroatom of N, O, or S, or a five- to six- 
membered heteroaryl ring having 1 or 2 heteroatoms of N, O, or S; R 7 and R B are each 
10 independently hydrogen, C, to C 6 alkyl, -(CH 2 ) Q R, 0 , C, to C 3 alkyl-aryl, aryl, or R 7 and 
R 8 may be taken together to form a four- to six-membered ring; is hydrogen, C, to 
C e alkyl, C, to C 3 alkyl-aryl, aryl, or -(CH 2 ) w R n ; R 10 and R„ are each independently 
-OH, -OR 12 , -C0 2 R 12 , -CONHR 12 , or cyano; R 12 is hydrogen, C, to C fl alkyl, aryl, or C, 
to C fl alkyl-aryl; R 13 is hydrogen, -OR 14 , or -NHCOR 14 ; R 14 is C, to C 6 alkyl or C, to C 3 
15 alkyl-aryl; n is 0, 1 , or 2; m is 1 , 2, or 3; q is 2, 3, or 4; w is 2, 3, or 4; the above aryl 
groups and the aryl moieties of the above alkyl-aryl groups are independently phenyl 
or substituted phenyl, wherein said substituted phenyl may be substituted with one to 
three of C, to C 4 alkyl, halogen, hydroxy, cyano, carboxamido, nitro, and C 1 to C 4 
afkoxy; and a broken line represents an optional double bond, and the 
20 pharmaceutical^ acceptable salts thereof. These compounds are useful in treating 
migraine and other conditions discussed below. 

The compounds of the invention include all optical isomers of formula I (e.g. R 
and S enantiomers) and their racemic and diastereomeric mixtures. When R, is equal 
to 
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the R diastereomer with the chiral carbon designated by * are preferred. When R 13 is 
-OR,« or -NHCOR, 4 . the cis epimers [(2R.4R) absolute configuration] are particularly 
10 preferred. 

Unless otherwise indicated, the alkyl groups referred to herein, as well as the 
alkyl moieties of other groups referred to herein (e.g. alkoxy), may be linear or 
branched, and they may also be cyclic (e.g. cyclopropyl, cyclobutyl, cyclopentyl, or 
cyclohexyl) or be linear or branched and contain cyclic moieties. 
15 Preferred compounds of the invention are compounds of the formula I wherein 



R,is ^^^ NR 7 R «, 



-a" —t> 



where R 7 and R^ 



i s 



and R 13 are as defined above; 



'■ JL. 



R 2 



Z,s | II ""Vr^V- where A, D, E, R 2 , R 3 , R 4 and 



R 4 R $ 



Rs are as defined above; and X is equal to NH. 
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The following compounds are particularly preferred: 

3-(2<Jimethylaminoethyl)-5-(3,5-dinitropyrid-2-ylamino)-1H-indole; 

3-(2<Jimethylaminoethyl)-5-(3Hirtropyrid-2-ylarnino)-1H-indole; 

3-(2^imethylaminoethyl)-5-(3-tn^uoromethylpyrid-2-ylamino)-1H-indole; 

(R)-5-(3-nitropyrid-2-ylamino).3-(pyrrolidin-2-ylmethylj-1H-indole; 

(R)-3-(N-methylpyrrolidin-2-ylmethyl)-5-(nitropyrid.2-ylamino)-1H-indole; 

(R,S)-3-(N-methylpyrrolidin-3-yl)-5-(3-nitropyrid-2-ylamino)-1H-indole; 

5-(ben2oxaz-2-ylamino)-3-(2-dimethylaminoethyl)-1H-indole; 

(R)-3-(N-cyclopropylmethy!pyrrolidin-2-ylrnethyl)-5-(3-nitropyrid-2-ylarnino)-1H. 

indole; 

(R)-5-(3-nrtropyrid-2-ylamino)-3-(N-(2-propynyl)pyrrolidin-2-ylmethyl)-1H-indole; 
(R)-5-(3-nttropyrid-2-ylamino)-3-(N-(2-propenyl)pyrrolidin-2-ylmethyl)-1H-indole; 
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(R)-5-(3-nitropyrid-2-ylamino)-3-(N-propylpyrrolidin.2-yJmethyl)-1H-indole; 

(R)-3-(N-butylpyrrolidin-2-ylmethyl)-5-(3-nitropyrid-2-ylamino)-1H-indole; 

(R)^(N^thylpyn^olidin-2-ylmethyl)-5-(3-nltropyrid-2.ylamino)-1H-indole; 

(R)-5-(3-nitropyrid-2-ylamino)-3-(N-pentylpyrrolidin-2-ylmethyl)-lH-indole; 

(R)-3-(N-(2-methoxyethyl)pyrrolidin-2-ylmethyl)-5-(3-nitropyrid-2-ylamino)-1H- 

indole; 

5-(4-benzyM ,3-thiaz-2-ylamino)-3-(2-dimethylaminoethyl)-1 H-indole; 
(R)-5-(3-benzylthio-1 ,2,4-thiadia2-5-yleunino)-3-(N-methylpyrrolidin-2-yImethyl)-1H- 

indole; 

3-(2-dimethylaminoethyl)-5-(pyrimid-2-ylamino)-1H-indole; 
3-(2^imethylaminoethyl)-5-(3-methylsulfonylpyrid-2-ylamino)-1H-indole; 
(R)-3-(N-methylpyrrolidin-2-ylmethyl)-5-(2-nitrophenylanijno)-1H-indole; 
(R)-5-(6-methoxy-3-nitropyrid-2-ylamino)-3-(N-methylpyrrolidin-2-ylmethyl)-1H- 

indole; 

(R)-5-(4-methyl-3-nitropyrid-2-ylamino)-3-(N-methylpyrrolidin-2-ylmethyl)-1H- 

indole; 

(R)^(N-methylpyrrolidin-2-ylmethyl)-5.(3-nitro.5-phenylpyrid-2-ylamino)-1H- 

indole; 

(R)-5-(3-cyanopyrid-2-ylamino)-3-(N-methylpyrrolidin-2-ylmethyl)-1H-indole; 
(R)-6-(6Hsopropoxy-3-nitropyrid-2-ylamino)-3-(N-methylpyrrolidin-2-ylmethyl)-1H- 

indole; 

(R)-5-(4-cyano-2-nrtrophenylamino)-3-(N-methylpyrrolidin-2.ylmethyl)-1H-indole; 
(R)^(Nwnethylpyrrolidin-2-ylmefo 

indole; 

(R)-5-(5,6<Jichloro-2-nrtrophenylamino)-3-(N-methylpyrrolid 

indole; 

5-(4-Cyano-2-nitrophenylam 
ylmethyl]-1 H-indole; 

(R)^(5^loro-2-nitrophenylamino)-3-(N-methylpyiTolidin-2-ylm 
(RWN-(2-cyanoethyl)pyrrolidin-2-ylmethyl) 

and 

(R)-3-(N-(2^yanomethy^ 

indole. 
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The following are other specific compounds of the present invention: 
6-(3-(2-dimethylaminoethyl)indol-5-ylamino)purine; 
3-(2Klimethylaminoethyl).5-(2-nitrophenylamino)-1H-indole; 
3-(2<iimethylaminoethyl)-5-(3-a™ 
5 3-(2-dimethylaminoethyl)-5-(2 t 6<linitrophenylamino)-1H-indole; 

3-(2-dimethylaminoethyl)-5-(2-cyanophenylamino)-1H-indole; 
3-(2<limethylaminoethyl)-5-(2 f 4Hiinitrophenylamino)-1H-indole; 

3-(2-dimethylaminoethyl)-5-(6-ethoxycarbonyl-3-methylthio-1 f 2,4-triazin-5- 
ylamino)-1 H-indole; 

5-(1 -phenyltetra2-5-ylamino)-(2-dimethylaminoethyl)-1 H-indole; 
5-(3-nitropyrid-2-ylamino)-3-(piperid-4-yl)-1H-indole; 
5-(3-nitropyrid-2-ylamino)-3-(1 ,2,5,6-tetrahydropyrid-4-yl)-1 H-indole; 
5-(5-nitropyrid-2-ylamino)-3-(1 ,2,5,6-tetrahydropyrid-4-yl)-1 H-indole; 
5-(3-nitropyrid-2-yloxy)-3-(1 ,2 f 5,6-tetrahydropyrid-4-yl)-1 H-indole; 
5-(5-nitropyrid-2-yloxy)-3-(1 ,2,5,6-tetrahydropyrid-4-yl)-1 H-indole; 
3-(2-dimethylaminoethyl)-5-(3-aminopyrid-2-ylamino)-1 H-indole; 
3-(2-dimethylaminoethyl)-5-(3-phenylcai*^ 

3-(2<limethylaminoethyl)-5-(6-benzylaminocart5onyl-3-methytthio 
ylamino)-1 H-indole; 

5-amino-3-(N-methylpyrrolidin-3-yl)-1 H-indole; 
(R)-5-amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole; 
(R)-5-amino-3-(pyrrolidin-2-ylmethyl)-1 H-indole; 

The present invention also relates to a pharmaceutical composition for treating 
a condition selected from hypertension, depression, anxiety, eating disorders, obesity, 
drug abuse, cluster headache, migraine, pain, and chronic paroxysmal hemicrania and 
headache associated with vascular disorders comprising an amount of a compound of 
the formula I or a pharmaceutical^ acceptable salt thereof effective in treating such 
condition and a pharmaceutical^ acceptable carrier. 

The present invention also relates to a method for treating a condition selected 
from hypertension, depression, anxiety, eating disorders, obesity, drug abuse, cluster 
headache, migraine, pain and chronic paroxysmal hemicrania and headache associated 
with vascular disorders comprising administering to a mammal (e.g., a human) requiring 
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such treatment an amount of a compound of the formula I or a pharmaceutical^ 
acceptable salt thereof effective in treating such condition. 

The present invention also relates to a method for treating disorders arising from 
deficient serotonergic neurotransmission (e.g., depression, anxiety, eating disorders, 
5 obesity, drug abuse, cluster headache, migraine, pain and chronic paroxysmal 
hemicrania and headache associated with vascular disorders) comprising administering 
to a mammal (e.g., a human) requiring such treatment an amount of a compound of 
the formula I or a pharmaceutical^ acceptable salt thereof effective in treating such 
condition. 

10 The present invention also relates to a compound of the formula 



where X and R, are as defined for formula I. The compounds of formula II can be 
used, for example, as intermediates in preparing compounds of formula I. 




15 



Detailed Description of the Invention 

Compounds of formula I are prepared by the following reaction scheme 



20 



25 



30 




using a compound of formula II, where R, is as defined above for formula l f with a 
compound of formula IIIA or IIIB, where X, A, B, D ( E, F, R 2l R 3t R 4 , F^ t and R^, are as 
defined above for formula I and where LG is a leaving group such as, for example, CI, 
Br, I, SCH 3i S0 2 CH 3 , SPh, or SO^Ph (Ph=phenyl). This reaction can be performed 
5 under acidic, basic, or neutral condition, usually at elevated temperatures. Suitable 
bases include sodium hydrogen carbonate, trialkylamines, sodium hydride, and sodium 
carbonate. Triethylamine is the preferred base. Suitable acids include mineral acids 
(e.g. hydrochloric and hydrobromic acid) and organic acids (e.g. acetic acid). The 
preferred acid is acetic acid. Suitable solvents include methanol, ethanol, dioxane, 
10 tetrahydrofuran, acetonitrile, and N,N-dimethylformamide. Ethanol is the preferred 
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solvent. The reaction is usually conducted at a temperature of from about 50° C to 
about 154°C, preferably about 70°C to about 80°C. 

Compounds of formula II can be prepared as outlined in the following: 



5 



10 



15 



20 



25 




Compounds of formula VI where R 16 is a protected heteroatom group, such as. 
for example. -N(R 18 ) 2 , -NHR, 8 . -OR, e . -SR, e . 2.5-dimethyM-H-pyrrole or -N0 2 , and R, e 
is hydrogen, benzoyl or benzyl are prepared by reacting a compound of formula VII 
30 where R, 5 is -SH, -NH 2 , -OH with benzyl or benzoyl halides (preferable benzyl bromide 
or benzoyl chloride) or acetyl acetone in the presence of a base in an inert solvent. 
Compounds of formula VII are either commercially available or can be produced using 
methods known to one skilled in the art. Suitable bases include sodium bicarbonate. 
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sodium carbonate, sodium hydride, and trialkylamines. Triethylamine is the preferred 
base. Suitable solvents include dimethylformamide, ethers (including tetrahydrofuran), 
and C, - C 3 alcohols. Tetrahydrofuran is the preferred solvent. The reaction is usually 
conducted at a temperature of about 25°C to about 100°C, preferably about 25°C. 
5 Compounds of formula V can be prepared by reaction of a compound of 

formula VI where R 16 is as defined above for formula IV with an appropriate electrophile 
under acidic, basic, or neutral conditions. Suitable electrophiles include N-protected 
proline acid chlorides, N-protected-4-piperidones, oxalyl chloride, and maleimides. In 
the case of oxalyl chloride, the resulting indole-3-glyoxamic acid chloride is further 

1 0 reacted with a secondary amine of the formula NtHR^ where Rg and Rg are as defined 
for formula I. Suitable acids include mineral acids, acetic acid, and formic acid. 
Suitable bases include Grignard reagents including ethyl magnesium bromide, primary, 
secondary or tertiary amines, sodium or potassium metal, or sodium hydride. Suitable 
solvents include ethers (including tetrahydrofuran and diethyl ether), benzene, toluene, 

15 acetic acid, formic acid, or C, - C 4 alcohols. The reaction is usually conducted at a 
temperature from about 0°C to 150°C, preferably in the range of about 0°C to about 
120°C. In the case where the electrophile is an N-protected proline acid chloride, the 
preferred solvent is benzene, the reaction is preferably run under basic conditions using 
ethyl magnesium bromide as the preferred base, and the reaction is run at a 

20 temperature preferably about 0°C. In the case where the electrophile is an N- 
protected-4-piperidone, the preferred solvent is methanol, the reaction is preferably run 
under basic conditions using sodium methoxide as the preferred base, and the reaction 
is run at a temperature preferably about 65 °C. In the case where the electrophile is 
oxalyl chloride, the preferred solvent is ether, the reaction is preferably run under basic 

25 conditions using HNRgRg as the preferred base, and the reaction is run at a temperature 
preferably about 0°C. In the case where the electrophile is a maleimide, the preferred 
solvent is acetic acid, the reaction is preferably run under acidic conditions using acetic 
acid as the preferred acid, and the reaction is run at a temperature preferably about 
101 °C. 

30 Compounds of formula IV can be prepared from a compound formula V where 

R 17 is 
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and are as defined above for formula I, R 16 is defined above for formula IV, and 
R 19 is t-butyl or benzyl via a hydride reduction in an inert solvent. Suitable reducing 
agents include lithium aluminum hydride, lithium borohydride, and diborane. Lithium 
aluminum hydride is preferred. Suitable inert solvents include tetahydrofuran, dioxane, 
5 and other ethers. Tetrahydrofuran is the preferred solvent. The reaction is usually 
conducted at a temperature of about 25°C to about 100°C, preferably about 65°C. 

Compounds of formula II can be prepared from compounds of formula IV via 
heteroatom deprotection using a transition metal catalyst and a hydrogen source or 
hydroxylamine hemihydrochloride. Suitable solvents include C,-C 4 alcohols, ethyl 
10 acetate, acetone, and dimethylformamide. Ethanol is the preferred solvent. Suitable 
transition metal catalysts include palladium on carbon, palladium hydroxide on carbon, 
and platinum oxide. The preferred catalysts is palladium hydroxide on carbon. Suitable 
hydrogen sources include hydrogen gas, ammonium formate, and formic acid. 
Hydrogen gas is preferred, usually at a pressure of 1 to 3 atmospheres, preferably at 
15 3 atmospheres pressure. The reaction is usually conducted at a temperature of about 
25°C to about 100°C, preferably about 40°C. 

Compounds of formula VII are commercially available. 

Compounds of formula II can also be produced using methods known to one 
skilled in the art, such as, for example, the protocols in Shaw, E. and Woolley, D.W., 
20 J. Am. Ch em. Soc . 1877 (1953) or those described in Example 9, Example 12, 
Example 14, Example 16, Example 17, Example 21, or Example 25. Compounds of 
formula III are either commercially available or can be produced using methods known 
to one skilled in the art. 

Compounds of formula I are also prepared by the alkylation of a compound of 
25 formula 
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H 



5 




wherein Z, X, and n are as defined above with an alkylating agent and a base in an 
inert solvent. Suitable alkylating agents include alkyl halides (chlorides, bromides, or 

10 iodides), alkyl tosylates, alkyl mesylates, alkyl triflates, a.B-unsaturated ketones, a,B- 
unsaturated esters, a.B-unsaturated amides, and a.B-unsaturated nitrites, depending on 
the desired R 7 group. Alkyl halides (iodides) are preferred. Suitable solvents include 
methylene chloride, chloroform, carbon tetrachloride, acetonitrile, tetrahydrofuran, 
diethyl ether, dioxane, N,N-dimethylformamide, ethanol, propanol, methanol. The 

15 preferred solvent is acetonitrile. The reaction is generally conducted between a 
temperature of about 0°C to about 150°C, preferably about 25 °C to about 65 °C. 

Unless indicated otherwise, the pressure of each of the above reactions is not 
critical. Generally, the reactions will be conducted at a pressure of about one to about 
three atmospheres, preferably at ambient pressure (about one atmosphere). 

20 The compounds of the formula I which are basic in nature are capable of 

forming a wide variety of different salts with various inorganic and organic acids. 
Although such salts must be pharmaceutical I y acceptable for administration to animals, 
it is often desirable in practice to initially isolate a compound of the formula I from the 
reaction mixture as a pharmaceutical^ unacceptable salt and then simply convert the 

25 latter back to the free base compound by treatment with an alkaline reagent, and 
subsequently convert the free base to a pharmaceutical^ acceptable acid addition salt. 
The acid addition salts of the base compounds of this invention are readily prepared 
by treating the base compound with a substantially equivalent amount of the chosen 
mineral or organic acid in an aqueous solvent medium or in a suitable organic solvent 

30 such as methanol or ethanol. Upon careful evaporation of the solvent, the desired solid 
salt is obtained. 

The acids which are used to prepare the pharmaceutical^ acceptable acid 
addition salts of the base compounds of this invention are those which form non-toxic 
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acid addition salts, i.e., salts containing pharmacologically acceptable anions, such as 
hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate or bisulfate, phosphate or 
acid phosphate, acetate, lactate, citrate or acid citrate, tartrate or brtartrate, succinate, 
maleate, fumarate, gluconate, saccharate, benzoate, methanesulfonate and pamoate 
5 [i.e., 1 ,1 l -methylene-bis-(2-hydroxy-3-naphthoate)] salts. 

Those compounds of the formula I which are also acidic in nature, e.g., where 
Z contains a carboxylate, are capable of forming base salts with various 
pharmacologically acceptable cations. Examples of such salts include the alkali metal 
or alkaline-earth metal salts and particularly, the sodium and potassium salts. These 

10 salts are all prepared by conventional techniques. The chemical bases which are used 
as reagents to prepare the pharmaceutical^ acceptable base salts of this invention are 
those which form non-toxic base salts with the herein described acidic compounds of 
formula I. These non-toxic base salts include those derived from pharmacologically 
acceptable cations such as, for example, sodium, potassium calcium and magnesium. 

1 5 These salts can easily be prepared by treating the corresponding acidic compounds 
with an aqueous solution containing the desired pharmacologically acceptable cations, 
and then evaporating the resulting solution to dryness, preferably under reduced 
pressure. Alternatively, they may also be prepared by mixing lower alkanolic solutions 
of the acidic compounds and the desired alkali metal alkoxide together, and then 

20 evaporating the resulting solution to dryness in the same manner as before. In either 
case, stoichiometric quantities of reagents are preferably employed in order to ensure 
completeness of reaction of as well as maximum product of yields of the desired fined 
product. 

The compounds of the formula I and the pharmaceutical^ acceptable salts 
25 thereof (hereinafter, also referred to as the active compounds of the invention) are 
useful psychotherapeutics and are potent serotonin (5-HT t ) agonists and may be used 
in the treatment of depression, anxiety, eating disorders, obesity, drug abuse, cluster 
headache, migraine, chronic paroxysmal hemicrania and headache associated with 
vascular disorders, pain, and other disorders arising from deficient serotonergic 
30 neurotransmission. The compounds can also be used as centrally acting 
antihypertensives and vasodilators. The active compounds of the invention are 
evaluated as anti-migraine agents by testing the extent to which they mimic sumatriptan 
in contracting the dog isolated saphenous vein strip (P.P.A. Humphrey et al., Br. J. 
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Pharmacol.. 94, 1128 (1988)). This effect can be blocked by methiothepin, a known 
serotonin antagonist. Sumatriptan is known to be useful in the treatment of migraine 
and produces a selective increase in carotid vascular resistance in the anaesthetized 
dog. It has been suggested (W. Fenwick et al. f Br. J. Pharmacol. . 96, 83 (1989)) that 
5 this is the basis of its efficacy. 

The compositions of the present invention may be formulated in a conventional 
manner using one or more pharmaceutical^ acceptable carriers. Thus, the active 
compounds of the invention may be formulated for oral, buccal, intranasal, parenteral 
(e.g., intravenous, intramuscular or subcutaneous) or rectal administration or in a form 
10 suitable for administration by inhalation or insufflation. 

For oral administration, the pharmaceutical compositions may take the form of, 
for example, tablets or capsules prepared by conventional means with pharmaceutical^ 
acceptable excipients such as binding agents (e.g. pregelatinised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g. lactose, 
15 microcrystalline cellulose or calcium phosphate); lubricants (e.g. magnesium stearate, 
talc or silica); disintegrants (e.g. potato starch or sodium starch glycolate); or wetting 
agents (e.g. sodium lauryl sulphate). The tablets may be coated by methods well 
known in the art. Liquid preparations for oral administration may take the form of, for 
example, solutions, syrups or suspensions, or they may be presented as a dry product 
20 for constitution with water or other suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceutical^ acceptable additives 
such as suspending agents (e.g. sorbitol syrup, methyl cellulose or hydrogenated 
edible fats); emulsifying agents (e.g. lecithin or acacia); non-aqueous vehicles (e.g. 
almond oil, oily esters or ethyl alcohol); and preservatives (e.g. methyl or propyl p- 
25 hydroxybenzoates or sorbic acid). 

For buccal administration the composition may take the form of tablets or 
lozenges formulated in conventional manner. 

The active compounds of the invention may be formulated for parenteral 
administration by injection, including using conventional catheterization techniques or 
30 infusion. Formulations for injection may be presented in unit dosage form e.g. in 
ampules or in multi-dose containers, with an added preservative. The compositions 
may take such forms as suspensions, solutions or emulsions in oily or aqueous 
vehicles, and may contain formulating agents such as suspending, stabilizing and/or 
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dispersing agents. Alternatively, the active ingredient may be in powder form for 
reconstrtution with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 

The active compounds of the invention may also be formulated in rectal 
compositions such as suppositories or retention enemas, e.g., containing conventional 
5 suppository bases such as cocoa butter or other glycerides. 

For intranasal administration or administration by inhalation, the active 
compounds of the invention are conveniently delivered in the form of a solution or 
suspension from a pump spray container that is squeezed or pumped by the patient 
or as an aerosol spray presentation from a pressurized container or a nebulizer, with 
10 the use of a suitable propellant, e.g. dichlorodifluoromethane, trichlorofluoromethane, 
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a 
pressurized aerosol, the dosage unit may be determined by providing a valve to deliver 
a metered amount. The pressurized container or nebulizer may contain a solution or 
suspension of the active compound. Capsules and cartridges (made, for example, 
15 from gelatin) for use in an inhaler or insufflator may be formulated containing a powder 
mix of a compound of the invention and a suitable powder base such as lactose or 
starch. 

A proposed dose of the active compounds of the invention for oral, parenteral 

or buccal administration to the average adult human for the treatment of the conditions 
20 referred to above (e.g., migraine) is 0.1 to 200 mg of the active ingredient per unit dose 

which could be administered, for example, 1 to 4 times per day. 

Aerosol formulations for treatment of the conditions referred to above (e.g., 

migraine) in the average adult human are preferably arranged so that each metered 

dose or 'puff of aerosol contains 20 //g to 1000 //g of the compound of the invention. 
25 The overall daily dose with an aerosol will be within the range 100 jt/g to 10 mg. 

Administration may be several times daily, for example 2, 3, 4 or 8 times, giving for 

example, 1 , 2 or 3 doses each time. 

The following non-limiting Examples illustrate the preparation of the compounds 

of the present invention. Melting points are uncorrected. NMR data are reported in 
30 parts per million (6) and are referenced to the deuterium lock signal from the sample 

solvent. Specific rotations were measured at room temperature using the sodium D line 

(589 nm). Unless otherwise stated, all mass spectrum were performed using electron 

impact (El, 70 eV) conditions. 
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Commercial reagents were utilized without further purification. Chromatography 
refers to column chromatography performed using 32-63 pm silica gel and executed 
under nitrogen pressure (flash chromatography) conditions. Room temperature refers 
to 20 - 25°C. 
5 Example 1 

General Method for the Synthesis of 5-Arvlamino-1 H-lndoles via the 
Condensation of a 5-Aminoindole Derivative with a Haloarene 

A solution of the 5-aminoindole (2.00 mmol), the haloarene (3.00 mmol, 1 .5 eq), 
and a base (if needed, 3.00 mmol) in an appropriate anhydrous solvent (10 mL) was 
1 0 either heated at reflux under nitrogen for 1 -1 8 hours, depending on substrate, or stirred 
at room temperature for 1 hour, depending on substrate. The reaction was cooled and 
then directly chromatographed using silica gel (approximately 50 g) and elution with 
methylene chloride: methanol: ammonium hydroxide [9:1:0.1] to afford the 5- 
arylamino-1H-indole derivative. In some cases recrystallization of the solid obtained 
15 from chromatography was performed to obtained analytically pure samples of the title 
compound. 

Following this procedure the following compounds were prepared. 

A. 3>r2>Dlmethvlamtnoethvl>-5>f3-nitroDvrid>2-vlamlnoM H-indole 

5-Amino-3-(2-dimethylaminoethyl)indole [Shaw, E. and Woolley, D.W., J. Am. 

20 Chem. Soc. 1877 (1953)) and 2-chloro-3-nitropyridine were used. Triethylamine was 
used as base, p-dioxane was used as solvent, and the reaction was heated at reflux 
(1 01 °C) for 3 hours. Chromatography afforded the title compound (67%) as a dark red 
foam: mp t 59.0-61 .0°C; 'H NMR (CDCI 3 ) 6 8.66 (br s, 1H), 8.51 (dd, J=8.3 and 1.8 Hz, 
1H), 8.41 (dd, J=4.4 and 1.8 Hz, 1H), 7.76 (br s, 1H), 7.30-7.24 (m, 2H), 6.97 (d, J=2.1 

25 Hz, 1H), 6.73 (dd, J=8.3 and 4.4 Hz, 1H), 2.97-2.91 (m, 2H), 2.70-2.63 (m, 2H), 2.36 
(s, 6H); ,3 C NMR (CDCI 3 ) 6 155.7, 151.5, 135.5, 134.5, 129.4, 128.2, 127.9, 122.8, 
119.3. 114.4, 114.3. 113.0, 111.5, 60.3, 45.4, 23.7. Anal, calcd. for C l7 H 19 N 5 0 2 #1/3 H 2 0: 
C, 61.62; H, 5.98; N, 21.13. Found: C, 61.58; H, 5.65; N, 20.80. 

B. 3-f2-Dimethvlam»noethvl>-5-(2-nitrophenvlamino)-1 H-lndole 

30 5-Amino-3-(2-dimethylaminoethyl) indole and 2-fluoronrtrobenzene were used. 

Pyridine was used as base, bromobenzene was used as solvent, and the reaction was 
heated at reflux (156°C) for 11 hours. Chromatography afforded the title compound 
(82%) as a dark red solid: mp, 1 16.0-1 17.0°C; 13 C NMR (CD 3 OD) 6 146.7, 136.7, 
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133.2, 131.0, 129.5, 127.2, 124.7, 121.3, 117.3, 117.2. 117.0, 114.1, 113.4, 61.4, 45.4, 
24.2; HRMS calculated for C, 8 H 20 N 4 0 2 324.1588. found 324.1564. Anal, calcd. for 
C 18 H 20 N 4 O 2 «1/3 H 2 0: C. 65.44; H, 6.31; N, 16.96. Found: 65.44; H, 5.92; N, 16.69. 

C. 3-f2-Dimethvlaminoethvn-5-(3.5-dlnrtroovrld-2-vlamino>-1 H-indole 

5 5-Amino-3-(2-dimethylaminoethyl)indole and 2-chloro-3,5-dinitropyridine were 

used. Triethylamine was used as base, tetrahydrofuran was used as solvent, and the 
reaction was stirred at room temperature for 1 hour. Direct filtration of the reaction 
mixture afforded a red solid which was recrystaliized in ethanol to afford the title 
compound (7%) as a red solid: mp, 1 94.0-1 95.0°C; 13 C NMR (DMSO-d 0 ) 6 152.2, 
10 150.7, 134.7, 134.1, 131.2, 128.2, 127.1, 126.7, 123.9, 119.1, 114.8, 112.7, 111.4.59.7, 
44.9, 22.8; HRMS calculated for C 17 H ie N e 0 4 370.1391, found 370.1358. Anal, calcd. 
for C 17 H l8 N 8 0 4 «1/2 H 2 0: C. 53.82; H, 5.04; N, 22.15. Found: C, 53.55; H, 4.56; N. 
21.98. 

D. 3-(2-Dimethvlaminoethvl>-5-(3-aminocarbonvlDvrid-2-vlamino^-1H- 

15 indole 

5-Amino-3-(2-dimethylaminoethyl)indole and 2-chloronicotinamide were used, 
Pyridine was used as base, bromobenzene was used as solvent, and the reaction was 
heated at reflux (156°C) for 18 hours. Chromatography followed by recrystallization 
(methanol/water) of the resulting solid in afforded the title compound (36%) as a yellow 
20 solid: mp, 127.0-1 29.0° C; 13 C NMR (CD 3 OD) 6 173.0, 157.9, 152.2, 139.0, 135.4, 
132.4, 129.0, 123.9, 119.1, 113.7, 113.2, 113.0, 112.5, 111.3, 61.4, 45.4, 24.3; HRMS 
calculated for C, 8 H 21 N s O 323.1748, found 323.1726. Anal, calcd. for C 18 H 21 N 5 OH 2 0: 
C, 63.33; H, 6.79; N, 20.51. Found: C, 63.19; H, 6.50; N, 20.30. 

E. 3-f2-Dimethvlamlnoethvll-5-(2.6-dinftrophenvlaminol-1 H-indole 

25 5-Amino-3-(2-dimethylaminoethyl)indole and 1 -chloro-2,6-dinitrobenzene were 

used. Triethylamine was used as base, tetrahydrofuran was used as solvent, and the 
reaction was stirred at room temperature for 1 hour. Chromatography afforded the title 
compound (57%) as a dark red solid: mp. 1 87.0-1 88.0°C; ,S C NMR (DMSO-d 8 ) 6 
139.9, 135.2, 134.0, 132.0, 131.8, 127.2, 123.8, 117.0, 115.4. 112.9, 112.0. 109.3. 59.9, 

30 45.1 , 23.0; HRMS calculated for C 18 H 18 N 5 0 369.1439. found 369.1428. Anal, calcd. for 
C 18 H, 9 N s O: C, 58.53; H, 5.18; N, 18.96. Found: C. 58.45; H, 4.96; N, 18.63. 
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F. 3-(2-Dimethvlaminoethvl)-5-f2-cvanophenvlamino>-1H-indole 
5-Amino-3-(2-dimethylaminoethyl)indole and 2-fluorobenzonitrile were used. 
Pyridine was used as base, 2-fluorobenzonitrile was used as solvent, and the reaction 
was stirred at reflux for 8 hours. Chromatography afforded the title compound (2%) as 
5 a clear, pale brown oil: 'H NMR (CD 3 OD) 6 7.43 (dd, J=7.7 and 1.5 Hz, 1H), 7.38 (d, 
J=1.9 Hz, 1H), 7.34 (d, J=8.6 Hz, 1H), 7.30-7.23 (m, 1H), 7.07 (s, 1H), 6.97 (dd. J=8.6 
and 1.9 Hz, 1H), 6.85 (d, J=8.5 Hz, 1H), 6.73-6.67 (m. 1H), 4.91 (s, 2H), 2.92-2.86 (m, 
2H), 2.65-2.59 (m, 2H). 2.30 (s, 6H); HRMS calculated for C, 9 H 20 N 4 304.1690, found 
304.1682. 

10 G. 3-f2-Dimethvlaminoethvl)-5-(3-trifluoromethvlpvrld-2-vlamlno^1H- 

indole 

5-Amino-3-(2-dimethylaminoethyl)indole and 2-chloro-3-trifluoromethylpyridine 
were used. Pyridine was used as base, N,N-dimethylformamide was used as solvent, 
and the reaction was heated at reflux (153°C) for 18 hours. Chromatography afforded 
1 5 the title compound (1 0%) as a clear, pale brown oil: 13 C NMR (CD 3 OD) 6 1 55.4, 1 52.3, 
136.9, 136.1, 131.7, 129.0, 124.0, 120.9, 115.7, 113.9, 113.5, 112.5, 110.5, 61.4, 45.4, 
24.3; LRMS (m/z, relative intensity) 348 (100, M+), 303 (16), 290 (28), 268 (11), 250 
(20); HRMS calculated for C ie H 19 F 3 N 4 348.1564, found 348.1532. 

H. 3-f2-Dimethvlaminoethvl>-5-f2.4-dinitrophenvlaminoMH-lndole 

20 5-Amino-3-(2-dimethylaminoethyl)indole and 1-chloro-2,4-dinitrobenzene were 

used. Triethylamine was used as base, tetrahydrofuran was used as solvent, and the 
reaction was stirred at room temperature for 2 hours. Chromatography afforded the title 
compound (73%) as a dark red solid: mp, 177.0-179.0°C; 13 C NMR (DMSO-d„) 6 
148.2. 135.6, 135.2, 130.1, 129.6, 128.2. 127.9, 124.3, 123.5, 119.6, 116.9. 116.3, 113.3, 

25 112.5, 60.0, 45.2, 23.0; FAB HRMS calculated for C 18 H 19 N 5 0 4 »(H*] 370.1517, found 
370.1492. 

I. fR>-5-f3-NltroDvrid-2-vlamino)-3-fpvrrolidin-2-vlmethvn-1H-indole 

(R)-5-Amino-3-(pyrrolidin-2-ylmethyl)indole and 2-chloro-3-nitropyridine. Sodium 
acetate was used as base, acetic was used as solvent, and the reaction was heated 
30 at reflux (116°C) for 2 hours. Column chromatography afforded the title compound 
(23%) as a dark red foam: 'H NMR (CDCI 3 ) 6 10.05 (br s, 1H), 9.23 (br s, 1H), 8.49 
(dd, J=1.8 and 8.3 Hz, 1H), 8.39 (1.8 and 4.5 Hz, 1H), 7.70 (d, J=1.7 Hz. 1H), 7.33- 
7.22 (m. 2H). 6.98 (s. 1H). 6.73 (dd. J=4.5 and 8.3 Hz, 1H). 3.46-3.34 (m, 1H), 3.10- 
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2.97 (m, 1H). 2.97-2.78 (m, 3H), 1.99-1.64 (m, 3H), 1.56-1.42 (m, 1H); ,3 C NMR (CDCI 3 ) 
6 155.7, 151.5, 135.5, 134.5, 129.2. 128.1, 127.8, 123.8, 119.4, 114.3, 113.0, 111.6, 
59.5, 45.7, 31 .3, 30.6, 24.7; FAB LRMS (m/z, relative intensity) 338 (6.1MH*]), 309 (12), 
155 (49), 135 (38), 119 (100). Anal, calcd. for C ie H, 9 N 5 O 2 »0.67 C 2 H 4 0 2 [acetic acid]: 
5 C, 61.53; H. 5.79; N, 18.56. Found: C, 61.57; H, 5.74; N, 18.82. 

J. fR>-3-(N-MethvlDvrrolidin-2-vlmethvl>-S-f3-nitroDvrid-2-vlamino)-1H- 

Indole 

(R)-3-(N-Methylpyrrolidin-2-ylmethyl)indole and 2-chloro-3-nitropyridine were 
used. Triethylamine was used as base, acetonitrile was used as solvent, and the 
10 reaction was heated at reflux for 3.5 hours. Chromatography afforded the title 
compound (81%) as a dark red foam: 'H NMR (CDCI 3 ) 6 10.11 (br s, 1H), 8.52 (dd, 
J- 1.8 and 8.4 Hz. 1H). 8.43 (1.8 and 4.5 Hz, 1H), 8.33 (br s, 1H), 7.77 (d, J=1.7 Hz, 
1H), 7.35 (d. J=8.7 Hz. 1H). 7.26 (dd, J=2.0 and 8.6 Hz, 1H), 7.03 (d, J=2.1 Hz, 1H), 
6.74 (dd. J=4.44 and 8.4 Hz. 1H). 3.21-3.12 (m, 2H). 2.68-2.58 (m. 1H), 2.54-2.46 (m, 
15 1H), 2.47 (s. 3H). 2.28-2.18 (m, 1H). 1.89-1.73 (m, 2H), 1.73-1.54 (m. 2H); 1J C NMR 
(CDCI,) 6 155.7. 151.5, 135.5. 134.3. 129.5, 128.2, 128.1, 123.1, 119.4, 114.3, 113.0, 
1 1 1 .4. 66.7, 57.5, 40.8, 31 .5. 29.9, 21 .9, Anal, calcd. for C 19 H 2 ,N 5 0 2 »1/3 H 2 0: C, 63.85; 
H, 6.11; N, 19.59. Found: C. 63.86; H, 5.86; N, 19.31. 

K. 6-0-(2-Dimethvlaminoethvmndol-5-vtamino)Durine 
20 5-Amino-3-(2-dimethylaminoethyl)indole and 6-chloropurine were used. No base 

was used, acetic acid was used as solvent, and the reaction was heated at reflux 
(1 16°C) for 15 hours. Chromatography afforded the title compound (66%) as a white 
foam: mp. decomposes 175°C; 13 C NMR (CD 3 OD) 6 153.7, 153.4, 141.5. 136.0. 131.5, 
128.3. 125.6. 119.2. 113.3, 113.0, 109.9. 59.1. 43.6, 21.9. Anal, calcd for 
25 C 17 H, 9 N 7 «HCI«2 H 2 0: C, 51 .84; H, 6.14; N, 24.89. Found: C. 52.14; H. 6.22; N, 25.03. 

L (R.S>-3-fN-MethvlDvrrolldin-3-vh-5-f3-nitroDvrld-2-vlamino>-1H-indole 
(R,S)-3-(N-Methylpyrrolidin-3-yl)indole and 2-chloro-3-nitropyridine were used. 
Sodium acetate was used as base, acetic acid was used as solvent, and the reaction 
was heated at reflux for 4 hours. Chromatography afforded the title compound (44%) 
30 as a dark red foam: mp, 55.0-57.0°C; ,3 C NMR (CDCI 3 ) 6 155.7, 151 .5, 135.5, 135.0, 
129.0. 128.1, 127.1. 121.7, 119.3, 119.2. 114.7. 113.0, 111.6. 62.8. 56.2. 42.4. 35.1. 
32.1; FAB LRMS (m/z, relative intensity) 306 (MH*. 100), 155 (38). Anal, calcd. for 
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C 18 H 19 N 5 0 2 «1/2 C 4 H 4 0 2 {ethyl acetate]: C, 62.98; H, 6.08; N, 18.36. Found: C, 62.71; 

H, 5.80; N, 18.51. 

M. 3-(2-Dimethvlaminoethvl)-5-(6-ethoxvcarbonyl-3-methylthio-1.2.4- 
triazin-5-vlaminoi-1 H-lndole 
5 5-Amino-3-(2-dimethylaminoethyl)indole and 6-caibethoxy-5-chloro-3-methytthio- 

I , 2,4-triazine [Pesson, M. et al., Eur. J. Med. Chem. . 269 (1972)] were used. 
Triethylamine was used as base, tetrahydrofuran was used as solvent, and the reaction 
was stirred at room temperature for 1 hour. Chromatography afforded the title 
compound (53%) as an orange solid: mp, 1 97.0-1 99.0°C with effervescence; ' 3 C NMR 

10 (DMSO-d 6 )<y 173.2. 165.5, 150.5, 133.9. 132.5, 127.7, 127.1. 123.9, 116.8, 113.0. 112.2, 
1 1 1 .5. 62.0, 60.0. 45.2. 23.1 . 14.0. 13.2; LRMS (m/z. relative intensity) 400 (M*. 1 1), 386 
(5), 195 (11), 163 (13). 58 (100). Anal, calcd. for C, 9 H 24 N 8 O 2 S«0.3 H a O: C. 56.22; H. 
6.11; N, 20.70. Found: C, 56.50; H, 5.89; N, 20.33. 

N. 5-(Benzoxaz-2-vlamlnoi-3-(2-dlmethvlaminoethvli-1H-indole 

15 5-Amino-3-(2-dimethylaminoethyl)indole and 2-chlorobenzoxazole were used. 

No base was used, acetic acid was used as solvent, and the reaction was stirred at 
reflux (116°C) for 2 hours. Chromatography afforded the title compound (24%) as a 
pale yellow foam: ,3 C NMR (CDCI 3 ) 6 160.5, 148.1, 142.7. 133.8, 130.0. 127.8, 124.0, 
123.1, 121.0, 116.4, 116.4, 113.6. 111.8. 110.6, 108.9, 60.1, 45.3, 23.4; LRMS (m/z, 

20 relative intensity) 320 (M+. 33). 262 (15), 101 (12), 86 (33), 58 (100). Anal, calcd. for 
C, 9 H 20 N 4 O»1/4 H 2 0: C, 70.23; H, 6.36; N, 17.24. Found: C, 70.53; H, 6.46; N, 17.06. 
O. 5-(1 -Phenvltetraz-5-vlaminoM2-dimethvlaminoethvl)-1 H-indole 
5-Amino-3-(2-dimethylaminoethyl)indole and 5-chloro-1-phenyl-1H-tetrazole were 
used. Sodium carbonate was used as base, absolute ethanol was used as solvent, 

25 and the reaction was heated at reflux (78° C) for 48 hours. Chromatography followed 
by trituration of the chromatographic residue with chloroform afforded the title 
compound (7%) as a white solid: mp, 187.0-188.0°C; 'H NMR (CD 3 OD) 6 7.73 (d. 
J=1 .9, 1 H). 7.56-7.52 (m. 3H). 7.29-7.22 (m. 3H), 7.20 (dd, J=2.0 and 8.6 Hz. 1 H). 6.98- 
6.95 (m. 1 H). 4.93 (s, 2H). 2.96-2.91 (m, 2H). 2.66-2.59 (m. 2H). 2.27 (s. 6H); FAB LRMS 

30 (m/z. relative intensity) 348 (MH*. 100). 309 (23); HRMS calculated for C, 9 H 21 N 7 
347.1861 , found 347.1867. Anal, calcd. for C 19 H 21 N 7 «2/3 CHCI 3 [chloroform]: C, 55.33; 
H. 4.64; N, 22.96. Found: C. 55.5; H, 4.94; N. 23.33. 



WO 93/1 1106 



PC17US92/08306 



-21- 

P. 5-(3-Benzvlthio-1.2.4-thiadiaz-5-vlamino)-3-(N-methvlpyrrolidin-2- 
vlmethvh-1 H-indole 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 3-benzytthio-5- 
chloro-1 ,2,4-thiadiazoie were used. Sodium acetate was used as base, acetic acid was 
5 used as solvent, and the reaction was heated at reflux for 1.5 hours. Column 
chromatography afforded the title compound (9%) as an amorphous solid: 'H NMR 
(CDjOD) 6 7.67 (brs, 1H), 7.40-7.17 (m, 6H). 7.09 (s, 1H), 7.04 (dd, J=8.6 and 2.1 Hz, 
1H), 4.88 (br s, approx 3H), 4.40 (s, 2H), 3.16-3.03 (m, 2H), 2.60-2.37 (m, 2H). 2.43 (s, 
3H), 2.25-2.19 (m, 1H), 1.83-1.50 (m, 4H); 13 C NMR (CD 3 OD) 6 169.0, 139.1, 135.7, 
10 133.1, 130.1, 129.5, 129.2, 128.3, 125.3, 116.3, 113.8, 113.2, 110.8, 68.4, 58.3, 41.1, 
36.8, 32.4, 30.4, 22,4. HRMS calculated for C 23 H 25 N 5 S 2 435.1555, found 435.1518. 
Anal, calcd for C 23 H 25 N 5 S 2 »0.4 NH 3 : C, 62.50; H, 5.75; N, 17.11. Found C, 62.93; H, 
5.50; N, 17.57. 

Q. 3-f2-Pimethvlaminoethvl)-5-(pvrimid-2-vlarnlno)-1 H-indole 
1 5 5-Amino-3-(2-dimethylaminoethyl)-1 H-indole and 2-chloropyrimidine were used. 

Sodium acetate was used as base, acetic acid was used as solvent, and the reaction 
was heated at reflux for 12 hours. Column chromatography afforded the title 
compound (11%) as a yellow solid: 13 C NMR (CD 3 OD) 6 162.6, 159.2, 135.4, 132.2, 
128.9, 124.0, 118.6, 113.7, 112.6, 112.4, 112.3, 61.3, 45.4, 24.3; HRMS calculated for 
20 C 10 H 19 N 5 281 .1642, found 281 .1660. Anal, calcd for C 10 H, 9 N 5 «0.5 C 2 H 4 0 2 [acetic acid]: 
C, 65.62; H, 6.80; N, 22.51. Found: C. 65.74; H. 6.68; N, 22.60. 

R. 3-(2-Dimethvlaminoethvl)-5-f3-methvlsulfonvlpvrld-2-vlamino)-1 H- 

indole 

5-Amino-3-(2-dimethylaminoethyl)-1 H-indole and 2-chloro-3- 
25 methylsulfonylpyridine were used. 2,6-Lutidine was used as base, bromobenzene was 
used as solvent, and the reaction was heated at reflux for 3.5 hours. Column 
chromatography afforded the title compound (1 3%) as a yellow solid: mp, 66.0-68.0°C; 
'H NMR (CDCI 3 ) 6 8.46 (s, NH), 8.33 (dd, J=4.8 and 1.9 Hz, 1H), 8.33 (br s, NH), 8.06 
(dd, J=7.8 and 1.9 Hz, 1H). 7.66 (d, J=1.8 Hz. 1H), 7.29 (d, J=8.5 Hz, 1H). 7.20 (dd, 
30 J=8.6 and 2.0 Hz, 1H), 6.97 (d, J=2.2 Hz. 1H), 6.78 (dd, J=7.8 and 4.8 Hz, 1H), 3.15 
(s, 3H), 2.94-2.88 (m, 2H), 2.66-2.60 (m, 2H), 2.34 (s, 6H); HRMS calculated for 
C, 8 H 22 N 4 0 2 S 358.1459, found 358.1490. 
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S. 3-iN-Methvlpyrrolldiiv2-ylmethvn-5-(2-nftrophenvlammo)-1 H-tndole 

(R)-5-Amino-3-(N-methylpym>lidin-2-ylmethyl)-1 H-indole and o-nrtrofluorobenzene 
were used. Triethylamine was used as base, o-nrtrofluorobenzene was used as solvent, 
and the reaction was heated at reflux for 24 hours. Column chromatography afforded 
5 the title compound (48%) as a red amorphous solid: 1 H NMR (CDCI 3 ) 6 9.62 (br s, NH), 
8.77 (br s, NH), 8.1 9 (dd, J=8.7 and 1 .5 Hz, 1 H), 7.47 (d, J=1 .6 Hz, 1 H), 7.38 (d, J=8.5 
Hz, 1H), 7.29-7.23 (m, 1H). 7.09-7.00 (m, 3H), 6.69-6.64 (m, 1H), 3.20-3.12 (m, 2H), 2.63 
(dd, J=14.0 and 9.5 Hz, 1H), 2.54-2.45 (m, 1H), 2.45 (s, 3H). 2.25 (dd, J=17.1 and 9.2 
Hz, 1H), 1.91-1.54 (m, 4H); ,3 C NMR (CDCI 3 ) 6 145.4, 135.7, 134.8, 132.1, 130.1, 128.6, 
10 126.5, 123.6, 120.7, 116.4, 116.4, 116.1, 114.1, 112.2, 66.7, 57.5,40.8, 31.5.29.8, 21.9; 
FAB HRMS calculated for (C 20 H„N 4 O 2 «HJ 351 .1823, found 351 .1797. 

T. 5-(6-Methoxv-3-nitropvrid-2-ylamino)-3-(N-methvlpyrrolidin-2- 
vimethvIM H-tndole 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 2-chloro-6- 
1 5 methoxy-3-nitropyridine were used. Triethylamine was used as base, absolute ethanol 
was used as solvent, and the reaction was heated at reflux for 5.5 hours. Column 
chromatography afforded the title compound (54%) as a red amorphous solid: 1 H NMR 
(CDCIj) 6 8.80 (br s, NH), 8.37 (d, J=9.1 Hz, 1H), 7.85 (s, 1H), 7.34-7.28 (m, 2H), 7.03 
(d, J=2.0 Hz. 1H), 6.14 (d. J=9.1 Hz. 1H), 3.85 (s, 3H). 3.19-3.11 (m. 2H). 2.61 (dd. 
20 J=13.8 and 9.5 Hz. 1H). 2.54-2.45 (m, 1H). 2.45 (s, 3H). 2.24 (dd, J=17.1 and 9.3 Hz. 
1H). 1.91-1.54 (m, 4H); ,3 C NMR (CDCI 3 ) 6 166.9, 151.3, 138.2, 134.0. 129.6, 127.8, 
123.3, 122.0, 118.6. 114.1.113.3, 111.1, 102.0, 66.5,57.5, 54.7, 40.8, 31.6. 29.9, 21.9; 
HRMS calculated for C 20 H 23 N 5 O3 381.1803, found 381.1799. 

U. 5-(4-Methvi-^Hropyrid-2-vlamino>-3-(N-methvipvrrolidin-2-vlmethvl>- 
25 1 H-indole 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 2-chloro-4- 
methyl-3-nitropyridine were used. Triethylamine was used as base, absolute ethanol 
was used as solvent, and the reaction was heated at reflux for 24 hours. Column 
chromatography afforded the title compound (34%) as a red amorphous solid: 1 H NMR 
30 (CDCI 3 ) 6 9.26 (br s. NH), 8.79 (br s, NH). 8.10 (d, J=4.8 Hz. 1H). 7.64 (d, J=1 .7 Hz, 
1H). 7.29 (d, J=8.5 Hz. 1H). 7.17 (dd. J=8.5 and 1.9 Hz. 1H). 6.97 (d, J=2.2 Hz, 1H). 
6.56 (d. J=4.8 Hz. 1H). 3.25-3.16 (m. 2H). 2.67 (dd. J=13.2 and 9.4 Hz. 1H). 2.64-2.56 
(m. 1H). 2.56 (s. 3H). 2.46 (s. 3H). 2.30 (dd, J=17.7 and 9.4 Hz. 1H). 1.90-1.60 (m. 4H); 
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,3 C NMR (CDCI 3 )<M52.2, 151.5. 146.6. 134.3. 131.0, 130.0, 127.9. 123.4. 1 19.4. 1 17.1 . 
114.0. 113.3. 111.6, 67.0. 57.4. 40.7. 31.4, 29.5. 21.8. 21.7; FAB HRMS calculated for 
(C 20 H 23 N s O 2 »Hl366.1932, found 366.1957. 

V. 3-fN-Methvlpvrrolldin-2-vlmethvl>-5-(3^ttro-5-DhenvlDvrid-2-vlamino>- 
5 1H-indole 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 4-bromo-3- 
nitrobiphenyl were used. Triethylamine was used as base, N,N-dimethylformamide was 
used as solvent, and the reaction was heated at 110°C for 12 hours. Column 
chromatography afforded the title compound (24%) as a red amorphous solid: 'H NMR 

10 (CDCI 3 ) 6 9.63 (br s, NH). 8.97 (br s. NH), 8.42 (d. J=2.2 Hz, 1H). 7.56-7.25 (m, 9H), 
7.08 (d. J=9.0 Hz. 2H), 3.50-3.32 (m, 2H), 2.95-2.79 (m. 2H). 2.59-2.52 (m, 1H), 2.53 
(S. 3H), 2.05-1.71 (m, 4H); ,3 C NMR (CDCI,) 6 144.4, 138.8. 134.9, 134.5, 132.4, 131.1, 
130.2. 129.7, 129.0. 127.3. 126.2. 124.7. 124.1. 120.8. 116.7, 115.9, 112.7, 112.0, 67.9, 
57.4. 40.6, 31.2. 28.6. 21.9; FAB HRMS calculated for [C 20 H 2e N 4 O 2 »H]427.2136, found 

15 427.2099. 

W. 5-(3-Cvanopvrid-2-vlamino>-3-tN-methvlDvrrolidin-2-vlmethvM-1H- 

indole 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 2- 
chloronicotinonitrile were used. Sodium carbonate were used as base, N.N- 

20 dimethylformamide was used as solvent, and the reaction was heated at 1 10° C for 20 
hours. Column chromatography afforded the title compound (32%) as an orange 
amorphous solid: R,=0.4 in 9:1:0.1 [methylene chloride/methanol/ammonium 
hydroxide]; ,3 C NMR (CDCI 3 ) 6 157.7, 152.7. 141.7. 134.2. 129.8. 128.1. 123.1. 122.2. 
118.7, 116.8, 113.6, 113.2. 111.5, 102.2, 66.6. 57.5, 40.8, 31.5. 30.0. 21.9; FAB HRMS 

25 calculated for IC 20 H 21 N 6 «H] 332. 2073, found 332.1 871 . 

X. 5-f6-lsopropoxv-3-nltropvrld-2-vlamlno>-3-(N-methvlpvrroHdin-2- 
vlmethvlMH-lndole 

(R)-5-Amino-3-(N-methylpyiTolidin-2-ylmethyl)-1 H-indole and 2,6-dichloro-3- 
nitropyridine were used. No base was used, and 2-propanol was used as solvent. This 
30 reaction mixture was stirred at room temperature was 1 hour. Then a solution of 
sodium hydride (5 eq) in 2-propanol was added dropwise to the above reaction mixture 
with cooling at 0°C. The resulting reaction mixture was stirred at room temperature 
under nitrogen for 2.5 hours. The reaction mixture was then evaporated under reduced 
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pressure. Column chromatography of the residue afforded the title compound (42%) 
as an orange amorphous solid: 'H NMR (CDCI 3 ) 6 10.6 (br s, NH), 8.57 (br s, NH), 
8.37 (d, J=9.2 Hz, 1H), 7.71 (s, 1H), 7.34-7.28 (m, 2H), 7.05 (d, J=2.0 Hz, 1 H), 6.08 (d, 
J=9.2 Hz, 1H), 5.14 (sept, J=6.2 Hz, 1H), 3.18-3.10 (m, 2H), 2.61 (dd, J=14.0 and 9.4 
5 Hz, 1H), 2.54-2.45 (m, 1H), 2.44 (s, 3H), 2.23 (dd, J=17.2 and 9.3 Hz, 1H), 1.90-1.53 
(m, 4H), 1.25 (d, J=6.1 Hz. 3H). 1.24 (d, J=6.2 Hz, 3H); ,3 C NMR (CDCI 3 ) 6 166.3, 
151.8, 138.1. 134.1, 129.5, 127.9, 123.1, 121.7. 119.2, 114.2, 113.9. 111.0. 102.8. 70.4. 
66.4, 57.5. 40.8. 31.5, 29.9. 21.9, 14.0, 11.0; FAB HRMS calculated for 
[C 22 H 27 N 5 O 3 »H]410.2194, found 409.2187. 

10 Y. 5-f4-Cvano-2-nttroDhenvlaminoV»3-fN-methvlDviTolidin-2-vlmethvl>-1H- 

indole 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 4-chloro-3- 
nitrobenzonrtrile were used. Triethylamine was used as base, absolute ethanol was 
used as solvent, and the reaction was heated at reflux for 4 hours. Column 
15 chromatography afforded the title compound (80%) as a red solid: mp, 170-171 ,0°C; 
13 C NMR (CDCI 3 ) 6 147.3, 137.1, 135.4, 132.0, 131.4, 128.6, 128.0, 125.3, 120.6, 117.9, 
117.1, 116.3, 113.1, 111.9, 99.1, 68.1, 57.3, 40.6, 31.2, 28.1, 21:9. Anal, calcd for 
C 21 H 21 N 5 O 2 «0.05 CH 2 CI 2 : C, 66.59; H. 5.60; N, 18.44. Found: C. 66.56; H, 5.26; N, 
18.42. 

20 Z. 3-(N-MethvlDvrrolidin-2-vlmethvn-5-M-trifluoromethvl-2- 

nitrophenvlamino>-1 H-indole 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 4-chloro-3- 
nitrobenzotrifluoride were used. Triethylamine was used as base, absolute ethanol was 
used as solvent, and the reaction was heated at reflux for 4.5 hours. Column 

25 chromatography afforded the title compound (38%) as a red foam: R, =0.30 in 9:1 :0.1 
[methylene chloride/methanol/ammonium hydroxide); 13 C NMR (CDCI 3 ) 6 147.0, 139.7, 
1 35. 1 . 1 31 .6, 1 31 .0, 1 29.2. 1 28.5, 1 24.7, 1 24.2, 1 20.7. 1 1 8.6, 1 1 6.8, 1 1 6.6. 1 1 3.6. 1 1 2.6, 
67.1, 57.4, 40.8. 31.3. 29.2. 21.9. FAB LRMS 419 [MH+J. Anal, calcd for 
C 21 H 2 ,F 3 N 4 O 2 «0.6 CH 2 CI 2 : C. 55.27; H. 4.77; N, 11.94. Found: C, 55.44; H, 4.58; N. 

30 11.52. 
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AA. 5-^5.6-Dlc hloix>-2-nrtroDhenvlamino>-3-ns>-fTiethvlDvrrolidin-2-v1methvlV 
1H-lndole 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 1 ,2,3- 
trichloronitrobenzene were used. Sodium carbonate was used as base, N.N- 
5 dinnethytformamide was used as solvent, and the reaction was heated at 125°C for 3 
hours. Column chromatography afforded the title compound (60%) as a red solid: 
R,=0.4in9:1 :0.1 [methylene chloride/methanol/ammonium hydroxide]; 'H NMR (CDCI 3 ) 
6 8.59 (br s, NH), 8.36 (br s, NH), 7.96 (d, J=9.1 Hz. 1H), 7.23 (d, J=8.6 Hz, 1H), 7.09 
(s, 1H), 7.07 (d, J=9.1 Hz, 1H), 6.99 (d, J =1.9 Hz, 1H). 6.81 (dd, J=8.6 and 2.1 Hz, 
10 1H), 3.15-3.05 (m, 2H), 2.54 (dd. J=13.8 and 9.6 Hz, 1H). 2.46-2.33 (m, 1H). 2.40 (s, 
3H), 2.22 (dd, J=17.4 and 9.3 Hz, 1H), 1.84-1.48 (m, 4H); FAB HRMS calculated for 
(C 20 H J0 CI 2 N 4 Oj»H]419.1044, found 419.1046. 

BB. 5-f5-Chlor o-2-nttroDhenvlamino>-3-fN-methvlDvrrolidirv2-vlmethvl>-1H- 

indole 

15 (R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1 H-indole and 2,4- 

dichloronitrobenzene were used. Sodium carbonate was used as base, N,N- 
dimethytformamide was used as solvent, and the reaction was heated at 125° C for 3 
hours. Column chromatography afforded the title compound (50%) as a red solid: FAB 
HRMS calculated for [C 20 H 21 C1N 4 O 2 «H]385.1434, found 385.1451. 

20 CC. 5-(4-Cvano-2-nitro Dhenvlaminol-3-rf2R.4Rl-N-methvl-4- 

methoxvDvrrolidin-2-vlmethvn-1H-lndole 

5-Amino-3-[(2R, 4R)-N-methyl-4-methoxypyrrolidin-2-ylmethyl]-1 H-indole and 4- 
chloro-3-nitrobenzonttrile were used. Triethylamine was used as base, absolute ethanol 
was used as solvent, and the reaction was heated at reflux for 3.5 hours. Column 

25 chromatography afforded the title compound (56%) as a red amorphous solid: 1 H NMR 
(CDCI,) 6 9.92 (br s. NH), 8.54 (d, J=1.9 Hz. 1H), 8.52 (br s, NH), 7.45-7^39 (m, 3H), 
7.13 (br s, 1H), 7.03 (dd, J=8.8 and 1.7 Hz, 1H), 7.03 (d, J=8.9 Hz, 1H), 3.80-3.70 (m, 
1H), 3.26 (s, 3H), 3.25-3.15 (m, 2H), 2.70 (dd, J=14.2 and 9.5 Hz, 1H), 2.49-2.38 (m, 
1H), 2.42 (s, 3H), 2.25 (dd, J=10.8 and 5.3 Hz, 1H). 2.19-2.10 (m, 1H), 1.67-1.56 (m, 

30 1H); ,3 C NMR (CDCI 3 ) 6 147.2. 137.0. 135.1. 132.1. 131.3. 128.5. 128.0. 124.1. 120.3. 
118.0, 117.0, 116.8, 114.0, 112.6, 99.0, 78.5. 65.9, 62.4, 56.5, 40.6, 39.2, 29.5; FAB 
HRMS calculated for [C 22 H 23 N s 0 3 »H] 406.1881, found 406.1872. 
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Example 2 

General Procedure for the Alkvlation of (R)-5-(3-NftroDvrid-2-vlamino>-3- 
(pyrrolidin-2-vlmethvlM hMndoles 

To a stirred solution of (R)-5-(3-nitropyrid-2-ylamino)-3-(pyrrolidin-2-ylmethyl)-1 H- 
5 indole (0.337 g, 1.00 mmol) and triethylamine (0.126 g, 1.25 mmol, 1.25 eq) in either 
anhydrous methylene chloride, anhydrous acetonitrile, absolute ethanol, on-propanol 
(10 mL) at room temperature under nitrogen was added dropwise the alkylating agent 
(1.25 mmol). The resulting reaction solution was then stirred under nitrogen at room 
temperature or heated at reflux for 1-20 hours, depending on substrate. The resulting 
1 0 reaction mixture was directly column chromatographed using silica gel (approximately 
25 g) and elution with methylene chloride: methanol: ammonium hydroxide [9:1:0.1] 
to afford the title compound. 

Following this procedure the following compounds were prepared. 

A. fR>-3-fN> CvcloproDvlmethvlpvrrolidln-2-vlmethvn»5-f3-nttroDvrid>2> 
15 vlamtnoM H-indole 

The reaction solvent was methylene chloride, the alkylating agent was 
bromomethyl cyclopropane, and the reaction solution was heated at reflux for 4 hours. 
Chromatography afforded the title compound (34%) as a dark red foam: 13 C NMR 
(CDCI 3 ) 6 1 55.7, 151.4, 135.5, 134.3, 129.4, 128.2, 123.1, 119.3, 114.4, 114.3. 113.0, 
20 111.4, 65.0, 59.9, 55.0, 30.9, 30.3, 22.2, 10.0; FAB LRMS (m/z, relative intensity) 392 
(MH + . 33), 374 (3), 307 (3), 267 (7), 220 (7), 154 (10), 124 (100); HRMS calculated for 
C2*H 2S N 5 0 2 391.2011, found 391.1988. 

B- (R>-5-(3-N itropvrid-2-vlamin^ 
1 H-indole 

25 The reaction solvent was methylene chloride, the alkylating agent was propargyl 

bromide, and the reaction solution was stirred at room temperature for 2 hours. 
Chromatography afforded the title compound (69%) as a dark red foam: 13 C NMR 
(CDCI3) 6 1 55.7, 151.4, 135.5, 134.3, 129.4, 128.0, 123.1, 119.2, 114.3, 114.0, 113.0, 
111.3, 79.1, 72.8, 61.6, 53.2, 40.8, 31.2, 29.8, 21.9; FAB LRMS (m/z, relative intensity) 

30 376 (MHT, 67), 350 (5), 307 (17), 267 (12), 220 (10), 136 (100); HRMS calculated for 
C 21 H 21 N 5 0 2 375.1697, found 375.1585. 
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C. m^5-n-Nrtropvrtd-2-vlamlno>-3-fN-f2-oroDenvl>Dvrrolidirv2-vlmethv»\- 
1 H-lndole 

The reaction solvent was methylene chloride, the alkylating agent was allyl 
iodide, and the reaction solution was stirred at room temperature for 2.5 hours. 
5 Chromatography afforded the title compound (59%) as a dark red foam: ,3 C NMR 
(CDCI 3 ) 6 155.7, 151.2, 135.6. 134.2, 129.9, 128.2, 126.9, 126.6. 125.6, 125.1. 119.6. 
113.4, 112.2, 109.6, 67.4, 56.3, 53.7, 30.7, 27.2, 22.0; FAB LRMS (m/z. relative 
intensity) 378 (MH*. 100), 336 (3), 267 (10), 220 (13), 136 (40). Anal, calcd. for 
C 21 H 23 N 5 0 2 »1.6CHCI 3 [chloroform]: C, 47.75; H, 4.36, N, 12.32. Found: C, 47.89; H, 
10 4.51 ; N, 12.68; HRMS calculated for C 21 H 23 N 5 0 2 377.1854, found 377.1881 . 

D. ffl>-5-f3-NltroDvrid-2-vlamino^-3-fN-Dropvlnvrrolidin-2-vlmethvl>-1 H- 

indole 

The reaction solvent was methylene chloride, the alkylating agent was propyl 
iodide, and the reaction solution was stirred at room temperature for 18 hours. 
15 Chromatography afforded the title compound (26%) as a dark red foam: 13 C NMR 
(CDCIj) 6 155.6, 151.2, 135.5, 134.2, 130.0, 128.2, 126.8, 125.2, 119.7, 113.3, 113.1, 
112.2, 109.6, 69.3, 56.9. 54.5, 30.6, 27.1, 22.0, 18.7, 11.4; FAB LRMS (m/z, relative 
intensity) 380 (MH*. 80), 363 (3), 333 (5), 271 (6). 243 (8), 157 (60), 135 (43), 112 (100); 
El LRMS (m/z, relative intensity) 379 (M\ 0.2), 378 (1). 267 (3). 220 (5). 128 (14). 112 
(100); HRMS calculated for C 21 H 25 N 5 0 2 379.201 1 , found 379.2027. 

E. fR>-3-fN-Butvlpvrrolidin-2-vlmethvl>-5.f3-nltropyrid-2-vlamino>-1 H- 

indole 

The reaction solvent was methylene chloride, the alkylating agent was butyl 
iodide, and the reaction solution was stirred at room temperature for 18 hours. 
Chromatography afforded the title compound (33%) as a dark red foam: ,3 C NMR 
(CDCI 3 ) 6 155.7, 151.2. 135.5. 134.2, 130.0. 128.2. 126.8. 125.2, 119.7, 113.3, 113.2, 
112.2, 109.5. 69.2. 55.0. 54.5. 30.6, 27.1, 26.8, 22.0, 20.0, 13.3; LRMS (m/z, relative 
intensity) 393 (M\ 0.2), 392 (1), 391 (1), 267 (2). 220 (3), 126 (100); HRMS calculated 
for C 22 H 27 N 5 0 2 393.2167. found 393.2156. 

F. 3-fN-f2-HvdroxvcvclopenWhpvrTOlidirv2-vlmethvl>-5-(3-nrtropvrid-2-vl- 
amino)-1 H-indole 

The reaction solvent was methylene chloride, the alkylating agent was 
cyclopentene oxide, and the reaction solution was heated at reflux (82 °C) for 20 hours. 
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Chromatography afforded the title compound (57%) as a dark red foam comprising a 
mixture of diastereomers at the carbon adjacent to the alcohol: ,3 C NMR (CDCI 3 ) 6 
155.6. 151.3. 135.5, 134.2, 129.3, 129.3, 128.1, 123.3, 123.2, 119.0, 118.9. 114.6, 114.2, 
1 14.2. 1 13.0. 1 1 1 .4, 1 1 1 .4, 75.5, 74.7, 70.6, 69.1 . 62.4, 61 .7, 51 .1 . 48.2. 34.6. 32.8. 31 .1 . 
5- 30.9, 30.8. 30.3, 29.2, 23.1. 23.0. 22.7, 21.7, 20.5; LRMS (m/z, relative intensity) 421 
(M + , 0.2). 420 (1), 419 (1), 418 (55), 380 (13), 348 (22), 279 (100), 218 (30). 169 (44), 
154 (91); HRMS calculated for C I3 H 27 N 5 0 3 421.2116. found 421.2040. 

G. m>-3-fN-Ethvlpvrrolldin-2-vlmethvl>-5-f3-nltropvrld-2-vlamlno-1 H- 

Indole 

1 0 The reaction solvent was acetonitriie. the alkylating agent was ethyl iodide, and 

the reaction solution was stirred at room temperature for 7 hours. Chromatography 
afforded the title compound (32%) as a dark red foam: 13 C NMR (CDCI 3 ) 6 155.6, 
151.2. 135.5, 134.2, 130.0, 128.2, 126.8. 125.2. 119.7. 113.3. 113.2, 112.2. 109.5, 68.8, 
53.8, 50.1, 30.7, 27.2, 21.9. 10.5; FAB LRMS (m/z. relative intensity) 366 (MH*. 100), 

15 332 (8), 257 (8). 229 (15), 157 (55). 135 (37); HRMS calculated for Cj 0 H„N 5 O, 
365.1854. found 365.1836. 

H. (R>-5-(3-Nrtropvrid-2.vlamino>-3-fN-pentvlpvrrolidin-2-vlmethvh-1H- 

indole 

The reaction solvent was methylene chloride, the alkylating agent was pentyl 
20 iodide, and the reaction solution was stirred at room temperature for 18 hours. 
Chromatography afforded the title compound (23%) as a dark red foam: ,3 C NMR 
(CDCI 3 ) 6 155.6. 151.2, 135.5, 134.2. 130.0. 128.2, 126.8, 125.3, 119.7, 113.3, 113.1, 
112.2, 109.6, 69.1, 55.2, 54.5, 30.7, 28.7. 27.2. 24.5. 22.0. 21.8. 13.7; FAB LRMS (m/z. 
relative intensity) 408 (MH*, 36), 327 (8), 136 (100); HRMS calculated for C 23 H„N 5 O a 
25 407.2324, found 407.2299. 

I. fR>-3-fN-(2-MethoxvethvnpyrroHdin-2-vlmethvn-5-f3-nitropvrid-2- 
vlaminoi-1 H-indole 

The reaction solvent was acetonitrile/methylene chloride (1:1), the alkylating 
agent was 2-bromoethyl methyl ether with sodium iodide (1 .25 mmol), and the reaction 
30 solution was heated at reflux (40°C) for 7 hours. Chromatography afforded the title 
compound (32%) as a dark red foam: ,3 C NMR (CDCI 3 ) 6 1 55.7, 151.2, 135.5, 134.2. 
129.8. 128.1, 126.9, 125.0. 119.6, 113.4, 113.3. 112.2, 109.4, 69.1, 66.9, 59.0, 55.4, 
46.4, 29.9, 26.8, 22.0; LRMS (m/z. relative intensity) 395 (M*. 0.5). 394 (1), 348 (20), 
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267 (39), 220 (68), 128 (100); HRMS calculated for C 21 H 25 N s O, 395.1960, found 
395.1940. 

J - fR>-3-fN-f2-Cvanoeth vHDvrro»dln-2-vlmethvl>.S-/3-nltropvrId-2. 
ylaminoM H-indole 

5 The reaction solvent was absolute ethanol, the alkylating agent was acrylonitrile, 

no base was used, and the reaction solution was stirred at room temperature for 18 
hours. Chromatography afforded the title compound (27%) as a dark red foam: 'H 
NMR (CDCI 3 ) 6 10.1 (br s, 1H). 8.52 (dd, J=8.4 and 1.6 Hz, 1H), 8.44 (dd, J=1.5 and 
4.4 Hz, 1H), 8.19 (br s, 1H), 7.76 (br s, 1H), 7.38-7.27 (m, 2H), 7.09 (d, J=1.5 Hz, 1H), 
10 6.76 (dd, J=4.5 and 8.3 Hz, 1H), 3.27-3.13 (m. 2H), 3.08-3.01 (m, 1H), 2.88-2.78 (m, 
1H), 2.74-2.49 (m, 4H), 2.32-2.22 (m, 1H), 1.90-1.57 (m, 4H); LRMS (m/z, relative 
intensity) 390 (M*. 17), 335 (5), 268 (54), 220 (24), 123 (100); HRMS calculated for 
C 2i H 2jN a O a 390.1807. found 390.1773. 

K- (R)-3-(N-f2-Cvanomet hv»pvrrolldin-2-vlmethvn-5-f3-nltropvrld-2- 
15 yjamjngjkl H-indole 

The reaction solvent was acetonitrile/methylene chloride (3:2), the alkylating 
agent was bromoacetonitrile, and the reaction solution was stirred at room temperature 
for 18 hours. Chromatography afforded the title compound (76%) as a dark red foam: 
,3 C NMR (CDCI 3 )<y 155.8, 151.4, 135.5. 134.2, 129.6, 128.1, 127.9, 123.3, 119.3, 115.5, 
20 114.1, 113.1, 11 1.5. 62. 1,53.7. 40.7. 31 .2, 29.9, 22.2; LRMS (m/z, relative intensity) 376 
(M*. 6), 375 (28). 279 (58). 180 (10). 169 (14), 109 (100); HRMS calculated for 
C M H 20 N 0 O 2 376.1650. found 376.1641. 

Example 3 

General Procedure f or the Formation of 5-Arvlamino-3-(piperid-4-vh-l H- 
25 indoles. 5-Arvlamino- 3-{1 .2.5.6-tetrahvdropvrid-4-vh-1 H-indoles. or 5-Arvloxv-3- 
(1 , 2,5,6-tet rah vdropyrid^vI M H-indoles from the Deprotection of 5-Arvlamino-3-ffsl- 
t-butoxvcarbonylpiperid-4-v n-IH-lndoles. 5-Arvlamino-3-(N-t-butoxvcarbonyl- 
1 .2.S.6-tetrahvdropyrid-4-vl M H-indoles. or S-Arvloxy-3-fN-t-butoxvcarbonvl-1. 2.5.6- 
tetrahvdro pyrid-4-vlM H-lndoles. Respectively 
30 HCI gas was passed through a stirred solution of 5-arylamino-3-(N-t- 

butoxycarbonylpiperid-4-yl)-1 H-indole, 5-arylamino-3-(N-t-butoxycarbonyl-1 ,2,5,6- 
tetrahydropyrid-4-yl)-1 H-indble, or 5-aryloxy-3-(N-t-butoxycarbonyl-1 ,2,5,6- 
tetrahydropyrid-4-yl)-1 H-indole (2.00 mmol) in absolute methanol (20 mL), at 0°C for 
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approximately 15 minutes. The resulting mixture was stirred at 0°C under nitrogen for 
6 hours. The mixture was then filtered to afford the 5-aiylamino-3-(piperid-4-yl)-1H- 
indole 5-arylamino-3-(1 ,2,5,6-tetrahydropyrid-4-yl)-1 H-indole, or 5-aryloxy-3-(1 ,2.5,6- 
tetrahydropyrid-4-y1)-1 H-indole as a HCI salt. 
5 A. S-(3-NltroDvrid-2-vlamlno>-3-fp|perld-4-vh-1H-lndole 

3-(N-t-Butoxycarbonylpiperid-4-yl)-5-(3-nitropyrid-2-ylamino)-1 H-indole was used. 
Filtration afforded the title compound (83%) as a dark red solid: mp, decomposes 
220°C; 13 C NMR (DMSO-d e ) 6 155.5, 150.8, 135.7, 134.4, 129.2, 127.9, 126.0, 121.8, 
119.3, 118.3. 114.5. 113.4. 111.5, 43.5. 31.0. 29.0. LRMS (m/z. relative intensity) 337 
10 (M + , 31). 302 (44), 281 (31), 240 (100). Anal, calcd. for C 18 H 19 N 5 O 2 «3.0 HCI: C. 48.39; 
H. 4.96; N. 15.68. Found: C, 48.73; H. 5.16; N, 15.21. 

B - 5-f3-Nrtropvrid-2-vlam lno)-3-f1.2.5.6-tetrahvdroDvrld-4-vl>-1 H-indole 

3-(N^Butoxy<»rtxjnyl-1,2,5.6-tetrahydropyrid-4-yl)-5-(3-nrtropyrid-2-ylamino)-1H- 
indole was used. Filtration afforded the title compound (85%) as a dark red solid: mp, 
15 decomposes 204°C; 13 C NMR (DMSO-d 8 ) 6 155.3, 150.7. 135.7. 134.9. 130.5, 130.0. 
128.1. 124.7. 124.3. 119.6. 115.7. 114.7. 113.5, 111.8,48.6,41.2,23.9. Anal, calcd. for 
C, 8 H, 7 N 5 0 2 *2.75 HOCHjOH [methanol]: C. 48.80; H. 5.12; N. 14.98. Found: C, 
49.11; H, 5.14; N. 15.34. 

c - 5-f5-N8tropyrid-2-vlam ino)-3-f1.2.5.6-tetrahvdropvrid-4-vn-1 H-indole 
20 3-(N-t-Butoxycarbonyl-1 ,2,5.6-tetrahydropyrid-4-yl)-5-(5-nitropyrid-2-ylamino)-1 H- 

indole was used. Filtration afforded the title compound (87%) as a dark red solid: mp, 
decomposes 273°C; 13 C NMR (DMSO-d 6 ) 6 159.9. 146.7, 135.2. 134.2. 132.2, 131.9, 
130.1, 124.5. 124.4. 118.0. 115.0, 113.0. 112.1. 41.9, 40.6. 24.7; LRMS (m/z. relative 
intensity) 336 (20), 335 (M\ 100), 306 (50). 294 (53). 167 (67). Anal, calcd. for 
25 C 18 H 17 N 5 0 2 *2.1 HCI: C. 52.48; H. 4.67; N. 17.00. Found: C, 52.41; H. 4.54; N. 16.71. 

D- 5-f3-Nitropvrid-2-vloxv^ -3-n.2.5.6-tetrahvdropvrid-4-v»-1H-indole 
3-(N-t-Butoxycarbonyl-1,2.5,6-tetrahydropyrid-4-yl)-5-(3-nitropyrid-2-yloxy)-1H- 
indole was used. Filtration afforded the title compound (53%) as a yellow solid: mp, 
244.0-245.0 °C; ,3 C NMR (DMSO-d 6 ) 6 155.9, 152.1, 146.2. 135.9, 134.8, 134.1. 129.7. 
30 125.3. 124.6, 118.7, 116.2. 114.9. 112.7, 112.4, 112.3. 41.2. 24.0. Anal, calcd. for 
C 1t H ie N 4 0,«1.6 HCU0.5 CH 3 OH [methanol]: C, 54.59; H, 4.83; N, 13.76. Found: C. 
54.21; H. 4.56; N. 13.44. 
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5-(S-Nltropvrtd-2-vloxvl -3-M .2.5.6-tetrahvdroDvrid-4-vh-1 Hjndole 

3-(N-t-Butoxycarbonyl-1,2,5,6-tetrahydropyrid-4-yl)-5-(5^itropyrid-2-yloxy)-1H- 
indole was used. Rltration afforded the title compound (19%) as an orange foam: ,3 C 
NMR (DMSO-d 8 ) 6 167.7, 146.2, 144.9, 140.0, 135.5, 134.8, 129.7, 124.2. 115.5, 112.7, 
5 1 1 2.3, 1 1 0.9. 44.7, 42.8, 28.1 ; LRMS (m/z, relative intensity) 336 (M* , 24), 307 (9), 210 
(100), 185 (40); HRMS calculated for C 18 H 10 N 4 O 3 336.1224, found 336.1196. 

Example 4 

3-c2-Dlmcthvlaminoet hvlV-5-(3-aminoDvrld-2-vlamlno>-1H-lndole 

A mixture of 3-(2-dimethylaminoethyl)-5-(3-nitropyrid-2-ylamino)-1 H-indole (1 .27 
1 0 g, 3.90 mmol), 1 0% Pd on carbon (200 mg). and absolute ethanol (20 mL) was shaken 
under a hydrogen atmosphere (3 atm) for 2 hours. The reaction mixture was filtered 
through diatomaceous earth, and the filtrate was evaporated under reduced pressure. 
The residue was column chromatographed using silica gel (approximately 40 g) and 
elution with absolute methanol to afford the title compound (0.74 g, 64%) as an off- 
15 white solid: mp, 196.0-1 98.0 °C with effervescence; ,3 C NMR (DMSO-d 8 ) 6 145.3, 134.5, 
133.6, 132.1, 131.0, 127.3. 122.6, 118.8, 116.1. 114.2, 112.1. 110.8. 108.6. 60.1. 45.2. 
23.4; HRMS calculated for C 17 H 21 N S 295.1793, found 295.1810. Anal, calcd. for 
C, 7 H 21 N 5 »0.4 C 2 H 0 O [ ethanol]: C. 68.13; H. 7.52; N, 22.32. Found: C. 68.12; H. 7.19; 
N, 22.51. 

20 Example 5 

3-(2-Dimethv>aminoe thvl>.S-f3-phenvlcarbonvlaminopyrid.2-vlaminoUl H- 

indole 

To a stirred solution of 3-(2-dimethylaminoethyl)-5-(3-aminopyrid-2-ylamino)-1 H- 
indole (0.157 g, 0.53 mmol) and triethylamine (74 fjL, 0.54 mmol. 1 .0 eq) in anhydrous 

25 tetrahydrofuran (3 mL) was added dropwise benzoyl chloride (62 //L, 0.54 mmol. 1 .0 
eq). The resulting reaction mixture was stirred at room temperature under nitrogen for 
15 minutes. A saturated solution of sodium hydrogen carbonate (10 mL) was added, 
and this aqueous mixture was extracted with ethyl acetate (3 x 10 mL). The organic 
extracts were combined, dried (MgSOJ, and evaporated under reduced pressure. The 

30 residue was triturated in diethyl ether to afford the title compound (0.082 g. 39%) as an 
amorphous solid: ,3 C NMR (DMSO-d 8 ) 6 166.5, 151.9, 144.5. 134.5. 132.7. 132.5, 
131.6. 128.3, 128.0, 127.2, 122.8, 119.6. 117.3. 113.3. 112.1, 110.8, 110.4. 59.9. 45.0. 



WO 93/1 1106 



PCT/US92/08306 



-32- 

23.1 ; LRMS (m/z. relative intensity) 399 (M*. 100), 354 (33), 249 (10), 235 (18), 204 (40). 
160 (86); HRMS calculated for C, 4 H 35 N 5 0 399.2062, found 399.2080. 

Example 6 

3-f2-Dlmethvlaml noethvH-5-(6-benzvlamlnocarbonvl-3-methvlthio.1.2.4. 
5 triazln-5-ylamlnoM H-lndole 

To a stirred mixture of 3-(2-dimethylaminoethyl)-5-(6-ethoxycartx}nyl-3-methylthio- 
1 ,2.4-triazin-5-ylamino)-1 H-indole (0.25 g. 0.62 mmol) in methylene chloride (5 mL) at 
room temperature under nitrogen was added dropwise benzylamine (0.14 mL, 1.25 
mmol, 2.0 eq). The resulting reaction mixture was stirred at room temperature under 
10 nitrogen for 48 hours, and then filtered. The resulting yellow solid was recrystallized 
from methanol: ethyl acetate (4:1) to afford the title compound (0.063 g, 22%) as a 
yellow solid: mp, 207.0-209.0 °C; FAB HRMS calculated for [C, 4 H 37 N 7 OS«H + ] 
462.2079, found 462.2054. Anal, calcd. for C„H J7 N 7 OS»3/4 H 2 0: C, 60.67; H. 6.05; N. 
20.63. Found: C, 60.58; H, 5.73; N, 20.58. 
15 Example 7 

N-Methvl-3-f5-p henvlcarbonvlaminoindol-3-vl>succinamlde 
A solution of 5-phenylcarbonylamino-1 H-indole (2.50 g, 10.58 mmol) [Chem. 
Abstracts, 10991 g (1954)] and N-methylmaleimide (2.94 g, 26.46 mmol, 2.5 eq) in 
glacial acetic acid (75 mL) was heated at reflux under nitrogen for 24 hours. The 
20 resulting reaction solution was evaporated under reduced pressure, and the residual 
oil was dissolved in ethyl acetate (50 mL). This solution was washed with a saturated 
solution of sodium hydrogen carbonate (2 x 25 mL), dried (MgSOJ, and evaporated 
under reduced pressure. The residual oil was column chromatographed using silica 
gel (approximately 100 g) and elution with ethyl acetate: hexanes [gradient 1 :3 to 1 :1J 
25 to afford the title compound (1.06 g, 29%) as a white solid: mp, 226.5-227.5°C; FAB 
LRMS (m/z, relative intensity) 348 (MH\ 100), 332 (2), 275 (4), 263 (5). AnaJ. calcd. for 
C, 0 H 17 N 3 O3«1/8 H 2 0: C, 68.71; H, 4.97; N, 12.02. Found: C. 68.68; H. 4.74; N, 11.91. 

Example 8 

5-Benzvlamino-3-fN-methvlPvrrolidin-3-vll-1 H-indole 
30 To a stirred solution of N-me1hyl-3-(5-phenylcartbonylaminoindol-3-yl)sucdnamide 

(18.31 g, 52.71 mmol) in anhydrous tetrahydrofuran (270 mL) at 0°C was added lithium 
aluminum hydride (20.01 g, 527 mmol, 10 eq) as a solid portionwise over 45 minutes. 
The resulting reaction mixture was stirred at room temperature under nitrogen for 24 
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hours. Sodium sulfate decahydrate (50 g) was then carefully added to the reaction 
mixture followed by water (5 mL) and ethyl acetate (1 00 mL). The resulting mixture was 
stirred at room temperature for 1 hour. The reaction mixture was filtered, and the filtrate 
was evaporated under reduced pressure. The residual oil was column 
5 chromatographed using silica gel (approximately 500 g) and elution with ethyl acetate: 
methanol: triethylamine [gradient 9:0:1 to 8:1:1] to afford the title compound (7.90 g, 
49%) as a pale yellow oil: 13 C NMR (acetone-d 6 ) 6 142.9, 142.1, 132.3. 129.3, 128.6, 
127.5, 121.9, 118.6, 112.8, 112.5, 102.0, 63.6, 57.1, 49.9, 42.8, 36.5. 33.0; FAB LRMS 
(m/2, relative intensity) 306 (MH*, 100), 263 (4), 248 (4), 223 (8). 
10 Example 9 

5-Amino-3-(N-methvlpvrrolidin-3-vh-1 H-indole 

A mixture of 5-ben2ylamino-3-(N-methylpyrrolidin-3-yl)-1HHndole (7.80 g, 25.5 
mmol), ammonium formate (16.10 g. 255 mmol, 10 eq), and 10% Pd on carbon (0.78 
g) in absolute ethanol (250 mL) was heated at reflux under nitrogen for 1 hour. The 

15 reaction was filtered, and filtrate evaporated under reduced pressure. The residual oil 
was column chromatographed using silica gel (approximately 200 g) and elution with 
0.3% triethylamine in methanol to afford the title compound (0.90 g, 16%) as a pale 
yellow oil: 'H NMR (CD,OD) 6 7.13 (d, J=8.5 Hz, 1H), 6.94 (br s, 2H), 6.65 (dd, J=2.0 
and 8.5 Hz. 1H). 4.91 (s. 2-NH), 3.66-3.50 (m, 1H), 3.17-3.08 (br t. 1H), 2.96-2.85 (m, 

20 1H). 2.67-2.50 (m. 2H), 2.40 (s. 3H), 2.37-2.24 (m, 1H), 2.08-1.93 (m, 1H); FAB LRMS 
(m/2, relative intensity) 216 (MH*, 100). 

Example 10 

(R>-3-(N-Benzvloxvca rbonvlPvrrolidin-2-vlcarbonvh-5-dibenzvlamino-1 H- 

indole 

25 To a stirred mixture of (R)-N-carbobenzyloxyproline (3.59 g, 14.41 mmol) and 

N.N-dimethylformamide (0.1 mL) in methylene chloride (45 mL) was added dropwise 
oxalyl chloride (1.87 mL 21.62 mmol, 1.5 eq). The resulting effervescing mixture was 
stirred at room temperature under nitrogen for 1 .5 hours. The reaction solution was 
then evaporated under reduced pressure, yielding the residue [(R)-N- 

30 carbobenzyloxyproline acid chloride] which was dissolved in anhydrous ether (50 mL). 
This solution was added dropwise to a stirred, preformed solution of 5- 
dibenzylaminoindole (9.00 g, 28.81 mmol, 2.0 eq) and ethyl magnesium bromide (3.0 
M in ether. 10.08 mL. 30.25 mmol, 2.1 eq) in anhydrous ether (75 mL), which had been 
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stirring at room temperature under nitrogen for 30 minutes prior to the addition of the 
ethereal solution of the (R)-N-carbobenzyloxyproline acid chloride. The resulting 
reaction mixture was stirred at room temperature under nitrogen for 30 minutes, and 
then ethyl acetate (1 00 mL) and a saturated solution of sodium hydrogen carbonate (75 
5 mL) were added. The organic layer was removed, and the aqueous layer was extracted 
with ethyl acetate (100 mL). The organic extracts were combined, dried (MgSOj, and 
evaporated under reduced pressure to afford a green oil. Trituration of this oil in 
anhydrous ether (50 mL) afforded the title compound as a white solid: mp, 176.0- 
177.0°C; LRMS (m/z, relative intensity) 543 (100, M+), 453 (10), 407 (7), 339 (40), 307 
10 (10), 247 (10). 154 (38); [a] 25 = +112° (THF, c=1.0); Anal, calcd. for Cagh^Oj: C, 
77.32; H. 6.12; N, 7.73. Found: C, 77.35; H, 6.30; N, 7.66. 

Example 11 

(R)-5>Dibenzvlamino-3>fN-methvlpyrrolldln>2-vlmethvlM H-indole 

To a stirred mixture of lithium aluminum hydride (0.96 g, 25.2 mmol, 2.0 eq) in 

1 5 anhydrous tetrahydrofuran (1 25 mL) at 0°C was added dropwise a solution of (R)-3-(N- 
benzyloxycarbonylpyrrolidin-2-ylcarbonyl)-5-diben2ylamino-1 H-indole (6.90g, 12.69 
mmol) in anhydrous tetrahydrofuran (25 mL). The resulting reaction mixture was stirred 
at room temperature under nitrogen for 30 minutes. Lithium borohydride (0.55 g, 25.2 
mmol, 2.0 eq) was then added, and the reaction mixture was heated at reflux (66° C) 

20 under nitrogen for 6 hours. The reaction mixture was cooled, and water (1 .5 mL), a 
solution of sodium hydroxide (20%, 1.5 mL), and more water (4.5 mL) were added, 
sequentially. The resulting mixture was stirred at room temperature under nitrogen for 
1 hour, filtered through diatomaceous earth, and the filtrate was evaporated under 
reduced pressure to yield a green oil (8.8 g). This oil was dissolved in absolute ethanol 

25 (90 mL), and cesium carbonate (8.0 g) and sodium carbonate (8.0 g) were added. The 
resulting mixture was heated at reflux for 12 hours. The reaction mixture was then 
evaporated under reduced pressure, and the residue was partitioned between a 
saturated solution of sodium hydrogen carbonate (50 mL) and ethyl acetate (100 mL). 
The organic layer was removed, and the aqueous layer was extracted with ethyl acetate 

30 (100 mL). The organic extracts were combined, dried (MgSOJ, and evaporated under 
reduced pressure to afford a brown oil. Column chromatography of this oil using silica 
gel (approximately 200 g) and elution with methylene chloride/methanol/ammonium 
hydroxide [9:1:0.1] afforded the title compound (4.63 g, 89%) as a pale green foam: 
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'H NMR (CDCI,) 6 7.82 (br s, NH), 7.35-7.19 (m. 10H). 7.20 (d, J=8.6 Hz, 1H), 6.95 (d, 
J=2.1 Hz, 1H), 6.85 (dd, J=2.3 and 8.7 Hz, 1H), 6.80 (d, J=2.2 Hz, 1H), 4.65 (s, 4H), 
3.25-3.02 (m, 2H), 2.52 (dd, J=9.5 and 13.9 Hz, 1H), 2.39-2.15 (m, 2H), 2.30 (s, 3H), 
1.85-1.40 (m, 4H); ,3 C NMR (CDCI 3 ) 6 143.2, 139.7. 130.5, 128.5, 128.2, 127.3, 126.8, 
5 122.9, 112.5, 112.2, 111.8, 103.4, 67.0, 57.4. 56.4, 40.6. 31.4. 29.7. 21.9; HRMS 
calculated for C J8 H 31 N 3 409.2520, found 409.2475. 

Example 12 

m>-S-Ami no-3-fN-methvlDvrrolidin-2-vlmethv»-1H-lndole 
A mixture of (R)-5-dibenzylamino-3-(N-methylpyrrolidin-2-ylmethyl)-1H-indole 
10 (1 .08 g, 2.64 mmol) and palladium [IIJ hydroxide on carbon (0.6 g) in absolute ethanol 
(25 mL) was shaken under a hydrogen atmosphere (3 atm) at 40°C for 4 hours. The 
resulting mixture was filtered through diatomaceous earth, and the filtrate was 
evaporated under reduced pressure to afford the title compound (0.60 g. 2.62 mmol. 
99%) as a white foam: 'H NMR (DMSO-d 8 ) 6 10.65 (br s, NH). 7.14 (d. J=2.2 Hz. 1H). 
15 7.12 (d, J=8.6 Hz. 1H). 6.85 (d, J=1.6 Hz. 1H). 6.60 (dd, J=2.0 and 8.6 Hz. 1H), 3.63- 
2.83 (m. 7H). 2.78 (s. 3H), 2.05-1.67 (m. 4H); [a] 29 = +9° (MeOH. c=1.0); HRMS 
calculated for C 14 H 19 N 3 : 229.1575; found: 229.1593. 

Example 13 

(R)^-(N-BenzvloxvcarbonvlpviTolid in-2-vlmethvl>^-dibenzvlamino-1H-indole 
20 To a stirred solution of (R)-3-(N-benzyloxycarbonylpyrrolidin-2-ylcarbonyl)-5- 

dibenzylamino-1 H-indole (1 .50 g, 2.75 mmol) in anhydrous tetrahydrofuran (30 mL) was 
added lithium borohydride (0.24 g. 11.0 mmol. 4.0 eq) as a solid. The resulting 
reaction mixture was heated at reflux for 4 hours. A saturated solution of sodium 
hydrogen carbonate (10 mL) was then added, and this mixture was stirred at room 
25 temperature for 30 minutes. This aqueous mixture was then extracted with ethyl acetate 
(3 x 25 mL), and the organic extracts were combined, dried (MgSOJ, and evaporated 
under reduced pressure. Column chromatography of the residue using silica gel 
(approximately 50 g) and elution with ethyl acetate/hexanes (1:3] afforded the title 
compound (1.02 g, 70%) as a white foam: FAB LRMS (m/z, relative intensity) 530 
30 (MH + , 87). 529 (M*. 100), 439 (10). 409 (10), 325 (32), 235 (20). 
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fR)-5-Amlno-3-^Dvrrolldl n-2.vlm B th Y l>.iH-lndol« 

A mixture of (R)^(N-benzyloxycariDonylpyrrolidin-2-ylmethyl)-5-diben2ylamino- 
IH-indole (7.90 g, 14.91 mmol) and moist palladium (II) hydroxide on carbon 
5 (Peariman's catalyst, 3.16 g) in absolute ethanol (100 mL) was shaken under a 
hydrogen atmosphere (3 atm) for 12 hours at room temperature. The resulting mixture 
was filtered through diatomaceous earth, and the filtrate was evaporated and dried 
under reduced pressure to afford the title compound as a white foam (3.20 g, 100%): 
'H NMR (CD 3 OD) 6 7.18 (d, J=8.5 Hz, 1H), 7.08 (s, 1H), 6.92 (d, J=2.0 Hz, 1H), 6.69 
1 0 (dd, J= 1 .9 and 8.5 Hz. 1 H), 3.81 -3.69 (m, 1 H), 3.30-2.95 (m, 4H), 2.09-1 .55 (m, 4H); "C 
NMR (CD 3 OD)rf 140.1. 133.4. 129.1. 125.0, 114.6, 113.1, 109.8, 105.1.62.1.46.0.31.1, 
29.1. 24.3; LRMS (m/z. relative intensity) 215 (M*. 2), 198 (1). 146 (100), 128 (7). 117 
(9). 70 (60). 

Example 15 

15 General Procedure for the Conden sation of 5-Amino-3-/N-t-butoxvcarbonyl. 

1.2.5.6-tetrahvdropvrld-4-vh.1 H -indole. S.Aminc-3-fN-t-butoxvcarfaonvlDipericM-vlV. 
1 H-indole. or 3-fN-t-Batoxvcarfaonyl-l .2.5.6-tetrahvdroDvrld-4-vl)-5-hvdroyy-1 H- 
lndole — witlJ — 2-Chloropvridinea t o Form 3-fN-t-ButoxvcarbonvM .2.5.6- 
tetrahvdropyrid-4-vn-S-fpvri d-2-vlamino\-1H-lndoles. 3-fN-t-Butoxvcarbonvl- 
20 ptperid-4-yl)-5-(pvrld-2-vtaminoWI H-ln doles or 3-(N-t-Butoxvcarbonvl-1 .25.fi. 
tetrahvdropvrid-4-vH.S-fpvridi n-2-vloxvl.1 H-indoles. respectively 

To a solution of 5-amino-3-(N-t-butoxycarbonyl-1 ,2,5.6-tetrahydropyrid-4-yl)-1 H- 
indole. 5-amino-3-(N-t-butoxycarbony1piperid-4-yl)-1 H-indole. or 3-(N-t-butoxycarbonyl- 
1.2.5.6-tetrahydropyrid-4-yl)-5-hydroxy-1 H-indole (10.0 mmol) and a base (12.0 mmol. 
25 1.2 eq) in anhydrous tetrahydrofuran or dioxane (35 mL) was added the 2- 
chloropyridine (1 1 .0 mmol, 1.1 eq). The resulting reaction solution was stirred at reflux 
or at room temperature under nitrogen for 3-48 hours, depending on substrate and 
reaction solvent. A saturated solution of sodium hydrogen carbonate (25 mL) was then 
added to the reaction mixture, and this aqueous mixture was extracted with ethyl 
30 acetate (3 x 25 mL). The organic extracts were combined, dried (Mg S0 4 ), and 
evaporated under reduced pressure. The extraction residue was column 
chromatographed using silica gel (approximately 1 50 g) and elution with the appropriate 
solvent system to afford the desired 3-(N-t-butoxycarbonyl-1 ,2,5,6-tetrahydropyrid-4-yl)- 
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5-{pyrid-2-ylamino)-1 H-indole, 3-(N-t-butoxycarbonylpiperid-4-yi)-5-(pyrid-2-yIamino)-1 H- 
indole or 3-(N-t-butoxycaroonyl-1.2,5.6-tetrahydropyrid^ 

Following this procedure the following compounds were prepared. 

A. 3-fN-t-Butoxvcart>onvl-1 .2.5.6-tetrahvdropvrid-4-vn-5-f3-nltroDvrld-2- 
5 vlamlno-1 H-lndole 

5-Amino-3-(N-t-butoxycarbonyl-1,2,5.6-tetrahydropyrid-4-yl)-1 H-indole and 2- 
chloro-3-nitropyridine were used. Triethylamine was the base, tetrahydrofuran was the 
reaction solvent, the reaction time was heated at reflux (66°C) for 8 hours, and the 
chromatographic solvent system was diethyl ether/hexanes [gradient 1:1 to 1:0] to 
1 0 afford the title compound (73%) as a dark red foam: 1 H NMR (CDCI 3 ) 10.1 (br s, 1 H), 
8.51 (dd, J- 1.8 and 8.4 Hz, 1H), 8.43 (dd, J=1.8 and 4.5 Hz, 1H), 8.20 (br s, 1H), 8.00 
(br s. 1H). 7.40-7.35 (m, 2H), 7.19 (d, J=2.5 Hz, 1H), 6.75 (dd, J=4.5 and 8.3 Hz. 1H), 
6.12 (br m. 1H). 4.12 (br m. 2H), 3.66 (brt, J=5.7 Hz, 2H), 2.55 (br m, 2H). 1 .49 (s, 9H); 
TLC [diethyl ether]: R,=0.4. 

15 B- 3-fN-t-Butoxvcarbonvl- 1.2.5.6-tetrahvdropvrid-4-vl>.S-/5-nitroDvrld.2- 

vlamino-1 H-indole 

5-Amino-3-(N-t-butoxycarbonyl-1,2.5.6-tetrahydropyrid-4-yl)-1 H-indole and 2- 
chloro-5-nitropyridine were used. Triethylamine was the base, tetrahydrofuran was the 
reaction solvent, the reaction was heated at reflux (66° C) for 48 hours, and the 

20 chromatographic solvent system was methylene chloride/hexanes [1 : 1 ] to afford the title 
compound (76%) as a red foam: 'H NMR (CD 3 OD) 6 8.95 (d, J=2.4 Hz. 1H), 8.18 (dd, 
J=2.8 and 9.3 Hz, 1H). 7.96 (br s» 1H), 7.38 (d. J=8.9 Hz. 1H), 7.32 (s, 1H). 7.24 (dd. 
J=2.2 and 8.8 Hz, 1H). 6.70 (d, J=9.0 Hz. 1H). 6.10 (br m. 1H), 4.89 (s. 2-NH). 4.08 (br 
m. 2H), 3.65 (br t, J=5.6 Hz, 2H), 2.56 (br m, 2H), 1.49 (s, 9H); TLC [diethyl ether]: 

25 R,=0.45. 

C 3-tN-t-But oxvcarbonvlDiperid-4-vh-5-t3-nitroDvrid-?-y|amino>-1 H- 

indole 

5iAmino-3-(N-t-butoxycart>onylpiperid-4-yl)-1 H-indole and 2-chloro-3-nitropyridine 
were used. Triethylamine was the base, dioxane was the reaction solvent, the reaction 
30 was heated at reflux (1 01 °C) for 5 hours, and the chromatographic solvent system was 
ethyl acetate [30-40%] in hexanes to afford the title compound (70%) as a dark red 
foam: 'H NMR (CDCLJ 6 155.8, 155.0, 151.6, 135.5, 134.6. 129.4, 126.9, 121.3. 120.8, 
1 19.8, 1 14.8. 1 13.1 , 1 1 1.5, 79.4, 44.5, 33.6, 32.8. 28.5. Anal, calcd. for C J3 H 27 N 5 0 4 «1/4 
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C 4 H e O a [ethyl acetate]: C. 62.73; H. 6.36; N, 15.24. Found: C, 62.51; H, 6.08; N, 
15.21. 

D. 3-fN-t-Buto xvcanbonvl-1.2.5.6-tetrahvdroDvrld-4-vl>-5-^3-nltroDvrid-2- 
vIoxvMH-indole 

5 3-(N-t-Butoxycarbonyl-1,2,5,6-tetrahydropyrid-4-yl)-5-hydroxy-1H-indole and 2- 

chloro-3-nrtropyridine were used. Sodium hydride (60% in oil) was the base, 
tetrahydrofuran was the reaction solvent, the reaction was stirred at room temperature 
for 3 hours, and the chromatographic solvent system was diethyl ether/hexanes 
(gradient 1:1 to 4:1] to afford the title compound (62%) as a yellow solid: mp, 206.0- 
10 208.0 °C with effervescence; 'H NMR (DMSO-d 6 ) 6 8.53 (dd, J=1.8 and 8.3 Hz, 1H), 
8.33 (dd, J=1.8 and 4.4 Hz, 1H), 7.62 (d, J=2.0 Hz, 1H), 7.50 (br s, 1H), 7.42 (d, J=8.6 
Hz, 1H), 7.30 (dd, J=4.4 and 8.3 Hz, 1H), 6.94 (dd, J=2.0 and 8.6 Hz, 1H), 6.05-6.01 
(m, 1H), 4.02-3.94 (m. 2H), 3.54 (br t, J=5.6 Hz, 2H), 2.54-2.45 (m, 2H), 1.42 (s, 9H); 
TLC [methylene chloride/hexanes. 1:1 J: R,=0.2; TLC [diethyl ether]: R,=0.3. 

15 3-(N-t-Butoxvcarbonvf -1.2.S.6-tetrahvdroDvrid-4-v».S-fS-nitropvrid-2- 
vIoxvMH-indole 

3-(N-t-Butoxycarbonyl-1,2,5,6-tetrahydropyrid-4-yi)-5-hydroxy-1H-indole and 2- 
chloro-5-nitropyridine were used. Sodium hydride (60% in oil) was the base, 
tetrahydrofuran was the reaction solvent, the reaction time was heated at reflux (66° C) 

20 for 12 hours, and the chromatographic solvent system was diethyl ether/hexanes [1 :3] 
to afford the title compound (78%) as a yellow foam: 'H NMR (CD 3 OD) 6 8.88 (d, 
J=2.8 Hz, 1H), 8.39 (dd, J=2.8 and 9.1 Hz, 1H), 7.56 (d, J=2.1 Hz, 1H), 7.39 (d, J=8.7 
Hz, 1H), 7.31 (s, 1H). 6.94-6.88 (m, 2H), 5.98 (br m, 1H), 4.88 (s, NH), 4.00 (br m, 2H), 
3.59 (br t, J=5.3 Hz, 2H), 2.50 (br m, 2H), 1.44 (s, 9H); LRMS (m/z, relative intensity) 

25 436 (IYT. 4). 379 (68), 363 (16), 335 (29), 57 (100); TLC [methylene chloride/diethyl 
ether, 1:1]: R,=0.5. 

Example 16 

S-Amino-3-(N-t-butoxvcarbonvlpiperid-4-vl)-1 H-indole 
A mixture of 3-(N-t-butoxycarbonyl-1 ,2,5,6-tetrahydropyrid-4-yl)-5-nitro-1H- 
30 indole (3.55 g, 10.34 mmol) and 10% palladium on carbon (0.55 g) in absolute ethanol 
(60 mL) was shaken under a hydrogen atmosphere (3 atm) for 7 hours at room 
temperature. The resulting reaction mixture was filtered through diatomaceous earth, 
and the filtrate was evaporated under reduced pressure. The residual solid was 
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triturated in diethyl ether to afford the title compound (2.56 g, 78%) as a pale pink solid: 
mp, decomposes 215°C; 13 C NMR (CDCI 3 ) 6 155.0, 139.0, 131.3, 127.3, 120.4, 119.8, 
112.9, 111.8, 104.1, 79.4,44.5, 33.8, 32.7, 28.5. Anal, calcd. for C 18 H 25 N 3 0 2 *1 .4 H 2 0: 
C, 67.57; H, 8.03; N, 13.13. Found: C, 67.20; H, 8.07; N, 13.44. 
5 Example 17 

General Procedure for the Formation of 3-(N-t-BLrtoxvcarbonvl-1 .2.5.6- 
tetrahvdropvrid-4-vl)-1 hMndoles from Indoles 

To a stirred solution of sodium (2.51 g, 105 mmol, 7 eq) in absolute methanol 
(50 mL) was added the indole (1 5.0 mmol) and N-t-butoxycarbonyl-4-piperidone (8.96 
10 g, 45.0 mmol 3.0 eq). The resulting reaction solution was heated at reflux (65 °C) under 
nitrogen for 3-24 hours, depending on the indole used. The resulting reaction solution 
was evaporated under reduced pressure, and the residue was partitioned between a 
saturated solution of sodium hydrogen carbonate (50 mL) and ethyl acetate (50 mL). 
The organic layer was removed, and the aqueous layer was extracted with ethyl acetate 
15 (2 x 50 mL). The organic extracts were combined, dried (MgSOJ, and evaporated 
under reduced pressure. The residue was purified either by trituration in diethyl ether 
or by column chromatography to afford the desired 3-(N-t-butoxycarbonyl-1 ,2,5,6- 
tetrahydropyrid-4-yl)-1 H-indole. 

Following this procedure the following compounds were prepared. 
20 A. 5-Amino-3-(N-t-butoxvcart>onvM .2.5.6-tetrahvdropyrid-4-vlV1 H-indole 

5-Aminoindole was used, the reaction reflux was for 5 hours, and the extraction 
residue was purified via chromatography using silica gel (approximately 200 g) and 
elution with diethyl ether to afford the title compound (70%) as an off-white foam: 'H 
NMR (CD 3 OD) 6 7.26 (d, J=1 .8 Hz, 1H), 7.17 (s, 1H), 7.15 (d, J=8.9 Hz, 1H), 6.70 (dd, 
25 J=2.0 and 8.5 Hz, 1H), 6.09-6.03 (m, 1H), 4.88 (s, 3H, exchangeable protons), 4.12- 
4.06 (m, 2H), 3.63 (br t, J=5.1 Hz, 2H), 2.57-2.47 (m, 2H), 1.49 (s, 9H); TLC [diethyl 
ether]: R«=0.2. 

B. 3>(N-t-Butoxvcarbonvl-1 .2.5.6-tetrahvdropvrid-4-Y0-5-hvdroxv-1 H- 

indole 

30 5-Hydroxyindole was used, the reaction reflux was for 3 hours, and the solid 

extraction residue was triturated in diethyl ether (100 mL) to afford the title compound 
(88%) as a white solid: mp, decomposes 230°C; 13 C NMR (DMSO-d a ) 6 154.0, 151.1, 
131.5, 130.5, 125.2, 123.5, 115.4, 114.8, 112.1. 111.5, 104.2, 78.7, 43.5, 39.2, 38.9, 
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28.2. Anal, calcd. for C ie H 22 N 2 0 3 : C, 68.77; H, 7.05; N, 8.91. Found: C, 68.73; H, 
7.15; N, 8.89. 

C. 3-(N-t-Butoxvcarbonvl-1 .2.5.6-tetrahvdroDvrld-4-vl)-5-nitro-1 Hjndoje 
5-Nitroindole was used, the reaction reflux was 24 hours, and the extraction 
5 residue was purified via chromatography using silica gel (approximately 200 g) and 
elution with ethyl acetate in hexanes [1 :2 to 1 :1] to afford the title compound (72%) as 
a yellow solid: mp, decomposes 230°C; 'H NMR (CDCI 3 ) 6 9.24 (br s, 1H), 8.78 (d, 
J=1.3 Hz, 1H), 8.09 (dd, J=1.4 and 9.4 Hz, 1H), 7.40 (d, J=9.3 Hz, 1H), 7.30 (d, J =1.8 
Hz, 1H), 6.1 7-6.1 5 (m, 1H), 4.1&4.13 (m, 2H), 3.68 (t, J=5.8 Hz, 2H), 2.58-2.48 (m, 2H), 
10 1.50 (s, 9H); Anal, calcd. for C l5 H 21 N 3 O 4 *0.1 H 2 0: C, 62.63; H, 6.19; N, 12.17. Found: 
C, 62.71; N, 6.09; N, 11.81. 

Example 18 

5-Dibenzvtamino-1 H-indole 

To a stirred mixture of 5-aminoindole (3.00 g, 22.7 mmol) and triethylamine (10.5 
15 mL, 74.9 mmol, 3.3 eq) in acetonrtrile (30 mL) at room temperature under nitrogen was 
added benzyl bromide (8.2 mL, 68.9, mmol, 3.0 eq) dropwise. The resulting reaction 
mixture was heated at reflux under nitrogen for 3 hours. The resulting reaction mixture 
was filtered, and the filtrate was evaporated under reduced pressure. Column 
chromatography of the residue using silica gel (approximately 200 g) and elution with 
20 ethyl acetate/hexanes [gradient 1 :9 to 1 :1 ] afforded the title compound as an off white 
solid: mp, 124.0-1 26.0 °C; ,3 C NMR (acetone-d 6 ) 6 144.3, 140.8, 131.8, 129.9, 129.2, 
128.3, 127.5, 125.7, 113.5, 112.4, 106.4, 101.9, 57.0; TLC [15% ethyl acetate in 
hexanes]: ^=0.3. 

Example 19 

25 5>Nitroindole-3-N.N-dimethvlalvoxamide 

To a stirred mixture of 5-nitroindole (10.00 g, 61 .7 mmol) and phthalimide (4.00 
g, 40% by weight) in anhydrous ether (250 mL) was added oxalyl chloride (17.0 mL, 
0.194 mol, 3.1 eq) dropwise. The resultant reaction mixture was stirred at room 
temperature under nitrogen for 72 hours. The resulting reaction mixture was chilled in 

30 an ice bath (0°C), and a solution of ether (80 mL) and dimethylamine (80 mL, 
condensed at -78 °C) was added cautiously with vigorous stirring to the reaction 
mixture. The resulting mixture was stirred vigorously at room temperature for 1 hour. 
Ether was then removed from the reaction mixture via evaporation under reduced 
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pressure, and the residue was partitioned between water (500 mL) and . methylene 
chloride (500 mL). The pH of the aqueous layer was adjusted to pH 3 using 
concentrated HCI. The methylene chloride layer was removed, and the aqueous layer 
was extracted with methylene chloride (3 x 500 mL). The methylene chloride extracts 
5 were combined, dried (MgSOJ, and evaporated under reduced pressure. 
Recrystallization of the residual solid in refluxing methanol with cooling afforded the title 
compound (R,=0.15 in 10% acetone in methylene chloride, 5.74 g, 22.0 mmol, 36%) 
as a pale yellow solid: mp, 248.0-249.0 °C; IR (KBr) 1755, 1740, 1730, 1650, 1620, 
1585, 1530 cm 1 ; 'H NMR (DMSO-d e ) 6 12.9 (brs, NH), 8.97 (d, J=2.3 Hz, 1H), 8.43 (s, 

10 1 H), 8.1 8 (dd, J=2.3 and 9.0 Hz. 1 H). 7.74 (d, J=9.0 Hz, 1 H), 3.02 (s, 3H), 2.95 (s, 3H); 
,3 C NMR (DMSO-d 8 ) 6 166.6, 143.2, 140.4, 140.2. 124.5, 118.9, 117.2, 114.2, 113.6, 
36.8, 33.6; LRMS (m/z, relative intensity) 261 (24, M+), 190 (29), 189 (100), 173 (15), 
143 (83), 115 (23). HRMS calculated for C 12 H„N 3 0 4 261.0750, found 261.0746. Anal, 
calcdfor C, 2 H„N,0 4 : C, 55.17; H, 4.24; N, 16.08. Found: C, 55.15; H. 3.96; N, 15.96. 

15 Example 20 

3-(2-Dimethvlaminoethvl)-5-nftroindole 

To a stirred solution of 5-nitroindole-3-N,N-dimethylglyoxamide (5.36 g, 20.52 
mmol) in anhydrous tetrahydrofuran (55 mL) was added borane in tetrahydrofuran (1 .0 
M, 78.8 mL 78.8 mmol, 3.8 eq) dropwise slowly. The resulting reaction solution was 

20 stirred at room temperature under nitrogen for 16 hours. A saturated solution of 
sodium hydrogen carbonate (200 mL) was added carefully to the reaction solution, and 
the resulting aqueous mixture was extracted with diethyl ether (3 x 150 mL). The ether 
extracts were combined, dried (MgSOJ, and evaporated under reduced pressure to 
afford 3-(2-dimethylaminoethyl)-5-nitroindoie borane complex as a amorphous orange 

25 solid (6.9 g): 'H NMR (DMSO-d 0 ) 6 1 1 .7 (br m, NH), 8.58 (d, J=2.2 Hz, 1 H), 8.00 (dd, 
J=2.3 and 9.0 Hz, 1 H). 7.52 (d, J=8.8 Hz, 1 H), 7.49 (br s, 1 H), 3.23-3.17 (m, 2H), 3.02- 
2.97 (m, 2H), 2.63 (s, 6H). This solid was placed in absolute ethanol (150 mL) along 
with cesium fluoride (6.9 g) and sodium carbonate (6.9 g), and the resulting mixture 
was heated at reflux under nitrogen for 16 hours. The resulting reaction mixture was 

30 filtered through Celite* and the filtrate was evaporated under reduced pressure. The 
residual oil was chromatographed using silica gel (approximately 450 g) and elution 
with methylene chloride/methanol/ammonium hydroxide (8:2:0.1) to afford the title 
compound (2.58 g, 11.06 mmol, 54%) as a yellow solid: mp, 1 33.0-1 35.0°C; IR (KBr) 
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1625, 1575, 1550, 1520, 1480, 1470, 1460, 1445. 1380, 1370. 1330 cm"; 1 H NMR 
(DMSO-d 8 ) 6 11.55 (br m. NH). 8.48 (d. J=2.2 Hz, 1H). 7.94 (dd, J=2.3 and 9.0 Hz. 
1H). 7.47 (d, J=9.0 Hz. 1H). 7.40 (br s, 1H). 2.88-2.83 (m, 2H). 2.53-2.48 (m, 2H). 2.19 
(s. 6H); ,3 C NMR (DMSO-d 8 ) 6 140.2, 139.3. 126.6. 126.5. 116.3. 116.0. 115.6. 111.7. 
5 59.8. 45.1. 22.7; LRMS (m/z, relative intensity) 233 (7, M+). 189 (7). 188 (8), 143 (10). 
129 (23). 1 15 (14), 59 (36), 58 (100). HRMS calculated for C, 2 H 15 N 3 0 2 233.1 166. found 
233.1155. Anal, calcd for C 12 H 15 N 3 0 2 : C, 61 .79; H. 6.48; N. 18.01 . Found: C. 61.39; 
H. 6.45; N. 17.68. 

Example 21 

10 5-Amino-3 -f2-dimethvlaminoethv»indole 

A mixture of 3-(2-dimethylaminoethyl)-5-nitroindole (1 .85 g, 7.93 mmol) and 10% 
palladium on carbon (0.40 g, 20% by weight) in absolute ethanol (30 mL) was shaken 
under a hydrogen atmosphere (3 atm) for 6 hours. The resulting mixture was filtered 
through Celite« and the celite pad was washed generously with absolute ethanol. The 

15 combined filtrates were evaporated under reduced pressure to afford the title 
compound (1 .60 g. 7.87 mmol, 99%) as a clear, slightly dark, hygroscopic oil: IR 
(CHCIj) 3480. 1610. 1585, 1460, 1335 cm '; 'H NMR (CDCI 3 ) 6 8.10 (br m. NH), 7.12 
(d, J=8.5 Hz. 1H). 6.91 (d, J=2.3 Hz. 1H). 6.88 (d, J=2.2 Hz, 1H). 6.64 (dd, J=2.2 and 
8.5 Hz, 1H). 2.89-2.84 (m. 2H), 2.64-2.58 (m. 2H). 2.34 (s. 6H); ,3 C NMR (CDCI 3 ) 6 

20 139.1. 131.2. 128.3. 122.2. 113.1. 112.9. 111.7. 103.8. 60.3, 45.4. 23.7; LRMS (m/z. 
relative intensity) 203 (9. M+). 158 (2). 145 (6). 83 (66). 58 (100). HRMS calculated for 
C 12 H, 7 N 3 203.1424. found 203.1418. Anal, calcd for C 12 H 17 N 3 «1/2 H 2 0: C, 67.89; H. 
8.55; N, 19.79. Found: C. 67.71; H, 8.60; N, 19.41. 

Example 22 

25 General Procedure fo r the Synthesis of N-(lndol-5-vh-N'-benzovlthioureas 

Benzyl chloride (0.68 mL, 5.90 mmol. 1 .2 eq) was added portionwise to a stirred 
solution of ammonium thiocyanate (0.45 g, 5.90 mmol, 1.2 eq) in acetone (10 mL), and 
the resulting mixture was heated at reflux under nitrogen for 1 hour. To the cooled 
reaction solution was then added the appropriate 5-aminoindole (5.00 mmol), and this 

30 reaction solution was heated at reflux under nitrogen for 3 hours. The resulting reaction 
mixture was evaporated under reduced pressure, and the residue was placed in a 
saturated solution of sodium hydrogen carbonate (10 mL). This aqueous mixture was 
extracted with ethyl acetate (2 x 10 mL), and the extracts were combined, dried 
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(Na 2 S0 4 ), and evaporated under reduced pressure. The residue was column 
chromatographed using silica gel (approximately 75 g) and elution with 9:1:0.1 
[methylene chloride/methanol/ammonium hydroxide] to afford the title compound. 

Following this procedure the following compounds were prepared. 
5 A. N-f3-fN-M ethvlpviToHdtr>-2-vlm^ 

(R)-5-Amino-3-(N-methylpyrrolidin-2-ylmethyl)-1H-indole was used. 
Chromatography afforded the title compound (46%) as a yellow foam: 13 C NMR 
(CDCI 3 ) 6 178.8, 167.0, 135.0. 133.6, 131.7, 129.5, 129.1, 127.6, 127.5, 123.4, 119.2, 
115.0, 114.3, 111.4, 66.6, 57.4, 40.8, 31.4, 29.8, 21.8; [a] 25 = +62° [c=2, CDCI 3 ]. 
10 Anal, calcd for C 22 H 24 N 4 OS*0.4 CH 2 CI 2 : C, 63.08; H, 5.86; N, 13.14. Found: C, 62.76; 
H, 5.94; N. 12.94. 

B. N-(3-f2-Dimethvlaminoethvn-1 H-indol-S-vO-N'-benzovlthiourea 
(R)-5-Amino-3-(2-dimethylaminoethyl)-1H-indole was used. Chromatography 

afforded the title compound (22%) as a yellow foam: R, = 0.4 in 9:1:0.1 [methylene 
15 chloride/methanol/ammonium hydroxide]; HRMS calculated for C 20 H 22 N 4 OS 366.1517, 

found 366.1467. Anal, calcd for C 20 H 22 N 4 OS*0.2 CH 2 CI 2 : C, 63.27; H, 5.89; N, 14.61. 

Found: C, 63.53; H, 5.83; N, 14.61. 

Example 23 

General Procedure for the Synthesis of N-(lndol-5-vl)thtoureas 
20 To a stirred solution of the N-(indol-5-yl)-N'-benzoylthiourea (5.5 mol) in absolute 

ethanol (40 mL) was added dropwise a solution of sodium hydroxide (3.00 g) in water 
(28 mL). The resulting reaction mixture was heated at reflux for 1 hour. Ethanol was 
then removed from the reaction mixture via evaporation under reduced pressure, and 
the pH of the remaining aqueous mixture was brought to pH 10 using concentrated HCI 
25 and solid sodium carbonate. This aqueous mixture was extracted with ethyl acetate (3 
x 50 mL), and the extracts were combined, dried (Na 2 S0 4 ), and evaporated under 
reduced pressure. The residue was either used as is or crystallized in methylene 
chloride to afford the title compound. 

Following this procedure the following compounds were prepared. 
30 A. N>f3-(N-Methvlpvrrolidin-2>vlmethvl>>1 H-Indol-5-vlUhiourea 

The extraction residue directly yielded the title compound (73%) as a yellow 
solid: R, = 0.15 in 10% triethylamine in acetone; 1 H NMR (CD 3 OD) 6 7.29 (d, J=8.8 Hz, 
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1H),7.12(d, J=2.2Hz. 1H).7.11 (s. 1H). 6.78 (dd. J=8.6 and 2.2 Hz, 1H),4.91 (s 4H) 
3.23-3.13 (m, 2H). 2.75-2.40 (m. 3H), 2.52 (s, 3H), 1.94-1.57 (m. 4H). 
B - N.(3-(2-Dlmethvlamin QB th v n-iH-»nd Q l.s-vHthiotjr ga 
Crystallization of the extract residue with methylene chloride afforded the title 
compound (28%) as a beige solid: mp, 190.0-191 .0-0; ,3 C NMR (acetone-d a ) £ 183 6 
136.0, 128.9, 124.4, 120.2, 116.4, 115.0, 112.7, 61.1, 45.6, 24.1; HRMS calculated for 
[C, 3 H, e N 4 S»H]*263.1333, found 263.1291. 

Example 24 

General Procert, ,re for the Svnthesl* of ^( ^ ^m , 3 . th | a ^. Y ,^.^ ) , ^ 



10 indoles 



To a stirred solution of the N-(indol-5-y.)thiourea (1 .00 mmol) in absolute ethanol 
(5 mL) was added 1 -phenyl-3-chloro-3-pro P anone (0.27 g, 1.00 mmol, 1 eq), and the 
resulting reaction solution was heated at reflux under nitrogen for 3 hours. A saturated 
solut.cn of sodium hydrogen carbonate (10 mL) was added to the resulting reaction 
15 solution and this aqueous mixture was stirred at room temperature for 30 minutes 
Ethanol was then removed via evaporation under reduced pressure, and the residual 
aqueous mixture was extracted with ethyl acetate (2 x 10 mL). The extracts were 
combined, dried (Na 2 S0 4 ). and evaporated under reduced pressure. The residue was 
punfied either through crystallization or column chromatographed using silica gel 
20 (approximately 25 g) and elution with 9:1 :0.1 [methylene chloride/methano./ammonium 
hydroxide] to afford the title compound. 

Following this procedure the following compounds were prepared. 

* S-(4-BenzYl-1 ,3-thlaz-2-ylam.noW3./N-mAth Y i p y ^ii din . ? . Y , m , th yjuj »_ 
Indole 

Chromatography afforded the title compound (3%) as an off-white solid- 
NMR (acetone-d 0 ) 6 167.0. 153.1 , 140.7, 134.4, 134.0. 129.7. 128.9. 126.7. 124 3 124 0 
115.5. 113.9, 112.3, 109.4, 101.8. 67.3, 58.0, 41.0, 38.7, 30.5, 22.5; HRMS calculated 
for C 24 H 26 N 4 S 402.1881, found 402.1872. 

B ' 5-(4-BenzYl»1 ,3-thiaz-2.ylamino>-3-/g-N N-H j methvl a m8nru>th Y i H u. 
30 indole 

Trituration of the extraction residue afforded the title compound (20%) as an off- 
white solid: mp. 170.5-172.0oc; »C NMR (acetone-d e ) 6 167.2, 153.1. 140.7, 1344 
134.1. 129.8. 128.9. 128.8. 126.7. 123.9, 115.7. 114.3. 112.3, 109.4. 101.8, 61.1, 45 6 ' 
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38.7, 24.3; HRMS calculated for C 22 H 24 N 4 S 376.1724, found 376.1724, found 376.1686. 
AnaJ. caJcd for C 22 H 24 N 4 S«0.4 H 2 0: C, 68.86; H, 6.51; N, 14.60. Found: 68.98; H, 6.18; 
N, 14.44. 

Example 25 

5 5-Amino-3-r(2R. 4Rl-N-methvl-4- methoxvpvrroIidin-2-vIrnethvl1-1 Hjndoje 

A mixture of 5-(2,5-dimethyMH-pyrrolyl)-3-[(2R,4R)-N^ 
2-ylmethylJ-1H-indole (2.20 g, 6.52 mmol), hydroxylamine hydrochloride (7.25 g, 104 
mmol, 16 eq), and triethylamine (7.28 mL, 52.2 mmol, 8 eq) in 2-propanol (22 mL) was 
heated at reflux under nitrogen for 8 hours. The resulting reaction solution was 
10 evaporated under reduced pressure, and the residue was partitioned between ethyl 
acetate (50 mL) and a saturated solution of sodium hydrogen carbonate (50 mL). The 
ethyl acetate layer was removed, and the aqueous layer was extracted with methylene 
chloride (3 x 50 mL). All organic extracts were combined, dried (MgSOJ, and 
evaporated under reduced pressure to afford the title compound (1.68 g, 100%) as an 
1 5 off-white amorphous solid: R, = 0.4 in 9:1 :0.1 [methylene chloride/methanol/ammonium 
hydroxide]; 'H NMR (CD 3 OD) 6 7.14 (d. J=8.5 Hz, 1H), 6.99 (s, 1H), 6.94 (br s, 1H). 
6.68 (br d, J=8.5 Hz, 1H), 4.90 (s, 3-NH), 3.86-3.77 (m, 1H), 3.24 (s, 3H), 3.24-3.13 (m, 
2H), 2.93-2.80 (m, 1H), 2.69 (dd, J=13.7 and 9.7 Hz, 1H), 2.51 (s, 3H), 2.40-2.18 (m, 
2H), 1.73-1.63 (m, 1H); ,3 C NMR (CD 3 OD) 6 139.7, 133.4, 129.3, 124.4, 114.4. 112.8. 
20 111 .2. 105.5. 79.3, 68.3, 66.1 . 56.7, 40.7, 39.5, 30.1 . 

Example 26 

5-(2.5-Dimethvl-1H-Pvrrotvl>-3-r/2R.4 R)-N-methvi-4.methoxvnvrrondin-2- 
vlmethvll-1 hNndole 

3-((2R,4R)-N-Benzyloxycarbonylpyrrolidin-2-ylcarbonyl)-5-(2,5-dim ethyl- 
25 1H-pyrrolyl)-1H-indole (3.24 g. 6.87 mmol) was added portionwise as a solid to a 
mixture of lithium aluminum hydride (1.65 g, 43.5 mmol, 6.3 eq) in anhydrous 
tetrahydrofuran (80 mL), and the resulting reaction mixture was heated at reflux under 
nitrogen for 24 hours. To the resulting reaction mixture was added sequentially with 
care: water (1.65 mL), followed by a solution of sodium hydroxide (2N, 1.65 mL). 
30 followed by water (5 mL), followed by ethyl acetate (30 mL). The resulting mixture was 
stirred at room temperature was 12 hours, and then filtered. The filtrate was evaporated 
under reduced pressure. The residue was column chromatographed using silica gel 
(approximately 60 g) and elution with 12:1:0.1 [methylene chloride/methanol/ammonium 
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hydroxide] to afford the title compound (2.20 g. 95%) as a white foam: R, = 0.5 in 
9:1:0.1 (methylene chloride/methanol/ammonium hydroxide]; 'H NMR (CDCI 3 ) 6 8.88 
(brs,NH),7.43(d. J=1.8Hz, 1 H), 7.39 (d, J=8.4 Hz, 1H), 7.11 (d, J=2.2 Hz, 1H),6.98 
(dd, J=8.4 and 1.9 Hz, 1H), 5.94 (s, 2H), 3.80-3.74 (m, 1H), 3.30-3.21 (m, 2H), 3.28 (s, 
5 3H), 2.73 (dd, J=14.1 and 9.6 Hz, 1H), 2.56-2.43 (m, 1H), 2.45 (s, 3H), 2.30 (dd, 
J=10.9 and 5.6. 1H). 2.25-2.15 (m, 1H), 2.06 (s, 6H). 1.72-1.64 (m, 1H); 13 C NMR 
(CDCI 3 ) 6 135.5, 130.7, 129.4. 128.5. 127.8. 127.0. 123.9, 122.1, 118.4. 113.7. 111.5, 
105.0, 78.5. 66.0. 62.5. 56.4. 40.6, 39.2, 29.7, 13.2; FAB HRMS calculated for 
IC 3 ,H„N 3 0 HJ 338.2234, found 338.2247. 
10 Example 27 

3-f(2R, 4R)-N-Benzvioxvcarfaon Ylpvrrolidin-2-vlcarbonv»-5-f2.5-dimethYl-i 
H-pyrrolvlMH-lndole — — ~ 

To a stirred solution of (2R. 4R)-4-methoxyproline [Krapcho. et. al, J. Med. 
Chem, 1 148 (1988)] (5.22 g, 18.8 mmol) in anhydrous methylene chloride (50 mL) with 
15 a trace of N.N-dimethylformamide (0.5 mL) was added dropwise oxalyl chloride (2.44 
mL, 28.0 mmol, 1.5 eq). The resulting effervescing solution was stirred at room 
temperature under nitrogen for 2 hours. The reaction solution was then evaporated 
under reduced pressure, chased with hexanes (2 x 20 mL), and the residue proline acid 
chloride was dissolved in benzene (25 mL). Concomitantly, to a stirred solution of 5- 
20 (2,5-dimethyM H-pyrrolyl)-1 H-indole (7.22 g, 38.0 mmol. 2.0 eq) in benzene (30 mL) was 
added a solution of ethyl magnesium bromide (3.0 M in ether. 13.0 mL, 39 mmol, 2.0 
eq), and the resulting effervescing solution was stirred at room temperature under 
nitrogen for 30 minutes, and then it was cooled to 0°C. To this cooled (0°C) solution 
of the indole magnesium salt was added the benzene solution of the proline add 
25 chloride rapidly with vigorous stirring. The resulting reaction mixture was stirred at 0°C 
under nitrogen for 10 minutes. A saturated solution of sodium hydrogen carbonate (80 
mL) was then added, and this aqueous mixture was extracted with ethyl acetate (2 x 
80 mL). The organic extracts were combined, dried (MgSOJ, and evaporated under 
reduced pressure. The residual oil was crystallized by stirring in diethyl ether (80 mL) 
30 overnight to afford the title compound (7.15 g, 81%) as a white solid: mp 189.0- 
191 .0°C; Ft, = 0.4 in ethyl acetate/hexanes [2:1]; FAB HRMS calculated for [C 28 H 29 N 3 0 4 
H] 472.2238, found 472.2281. 
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Example 28 
5-(2.5-Pimethvl-1 H-PvrrolvIM H-lndole 
A mixture of 5-aminoindolo (1.32 g, 10.0 mmol), acetonytacetone (4.0 ml_ 34 
mmol, 3.4 eq) and toluene (25 mL) was heated at reflux under nitrogen using a Dean- 
5 Stark trap for 24 hours. The reaction was cooled and then poured through a silica gel 
(approximately 200 g) filter followed by 10% ether in hexanes to afford the title 
compound (1 .52 g, 72%) as an off-white, crystalline solid: R, = 0.75 in diethyl ether; 13 C 
NMR (CDCI 3 ) 6 135.0, 131.4, 129.5, 128.1, 125.6, 122.4, 120.3, 111.3, 105.0, 103.0, 
13.2. Anal, calcd for C 14 H 14 N 2 ; C, 79.97; H, 6.71; N, 13.32. Found: C, 79.72; H, 6.75; 
10 N, 13.13. 



